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Abstract 
The agonistic behaviour of Blue Pits was studied between 
October and March in 1989/90, 1990/91 and 1991/92 at 
Ormiston Hall, East Lothian, Scotland. The distribution 
of breeding sites and individual identities of the 
resident population were recorded during the spring and 
early summer of 1990, 1991 and 1992. Resident birds were 
sexed behaviourally during the breeding season. Birds 
were captured, in mist nets or at the nest, for colour 
ringing (to facilitate individual recognition) and for 
the collection of a range of biometrics including age, 
wing length, tarsus length, the distance from the bill 
tip to the back of the skull, weight, bib colour and, the 
extent of white feathering on the brow. The biometry of 
the study population was described. These data were used 
to develop a discriminant function by which birds might 
be assigned a most probable sex on the basis of 
biometrics. (This work has been published: Scott, G W., 
(1993). Sexing members of a Scottish Blue Tit (Parus 
caeruleus) population in the hand during the winter 
months. Ringing and Migration, 14 pp 124-128.) It was 
demonstrated that a subset of the winter population 
developed an affinity for a particular feeding area 
during their first winter, which was close to that area 
of the study site which became their breeding territory. 
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The agonistic behaviour of the Blue Tits in the vicinity 
of an artificial food source was recorded and described. 
Overt physical fighting was found to be rare in the 
context of the observed interactions and it was suggested 
that one or more other factors might be involved in the 
resolution of agonistic encounters. 
It was demonstrated that dominance asymmetries observed 
from a single interaction between two Blue Pits (a dyad) 
were reliable predictors of, and therefore equivalent to, 
'true' dominance - subordination relationships. Thus 
within a season Blue Tit dominance relationships showed a 
high degree of directional constancy. It was suggested 
that the resolution of agonistic interactions was not 
under stochastic control, but that asymmetries in animal 
specific attributes (ASAs) or agonistic behaviours might 
serve as proximate mechanisms of contest resolution. 
Of the ASAs investigated, asymmetries in the following 
were found to be related to interaction outcome: Males 
were found to win more often against female opponents 
than vice versa. In dyads involving two birds of the same 
sex, size asymmetries and differences in the amounts of 
white feathering on the brows of the interactants were 
related to interaction outcome, in both sexes birds with 
more white feathering won contests against less white 
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same sex opponents. Males with blacker bibs won 
interactions against less black male opponents and, male 
birds close to the area which would become their breeding 
territories during the following spring won more often 
than did their opponents which were 'further away'. It is 
suggested that a number of different ASA asymmetries were 
related to interaction outcome because each was relevant 
to a particular interaction type. 
A total of 906 dyadic interactions between Blue Tits at a 
winter food source were recorded on video tape. From 
these, sixteen behaviours were described which were shown 
to have potential agonistic signal function in that they 
could be used (by the human observer) to predict the 
outcomes of contests. Although some of these elements of 
behaviour were shown to co-occur (through the application 
of cluster analysis and principal components analysis) 
they did not do so at a level sufficient to warrant their 
designation as compound behaviours. G tests and principal 
components analysis provided evidence that some of these 
behaviours were performed most often by winners, and 
others most often by losers. Of these, two (crest erect 
and retreat) were identified as signals associated with 
their performers losing contests and seven (aggression, 
fQ_o2Jt 
nape erect, beak open, tail down, wings out ) and advance) 
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were all associated with their performers winning 
contests. 
The question was asked, "Why are there apparently so many 
proximate mechanisms of contest resolution in this 
system?" 
The data did not support the idea that a range of 
agonistic displays exist within the behavioural 
repertoire of the Blue Tit because each of them is 
adapted to a different interaction type. Rather, the data 
support specific predictions drawn from Anderssons' Bluff 
Hypothesis model which suggests that the variation in the 
agonistic display repertoire has arisen as a result of a 
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"If we put together, into the same container, two 
sticklebacks, lizards, robins, rats, monkeys or boys, who 
have not had any previous experience of one another, they 
will fight" (Lorenz 1963). 
Ask the majority of people to describe a 'fight' and 
almost without exception they will paint a brutal picture 
of two individuals locked in a physical struggle. Each of 
them trying to do physical harm to, or perhaps kill their 
opponent. However this image is an insufficient 
description of animal fighting, and inf act probably 
describes an exception rather than the rule (Krebs and 
Davies 1993). 
It is common to refer to the behaviours considered during 
studies of intra-specific inter-individual conflict and 
fighting as aggressive behaviours. Huntingford and Turner 
(1987) define aggression as, "the forceful (and 
deliberate) attempt to inflict harm (either ohvsical 
damage or exposure to an aggressive display) on another 
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(reluctant) individual". This illustrates a tendency to 
equate aggression and attack. In a study of fighting 
however, the behaviours and properties of the recipient 
of the aggression are as important as those of the 
aggressor. In order to avoid this problem in 
interpretation of terminology, the behaviours associated 
with fighting are referred to as agonistic behaviours, 
and fights as agonistic encounters or agonistic 
interactions. For example Brown (1964) defines agonistic 
behaviour as simply 'that which is related in its 
motivation to the acts attack, threat, or escape'. 
Huntingford and Turner (1987) and Archer (1988) cite 
numerous examples of intra-specific agonisra which come 
from almost every area of the animal kingdom. The 
literature concerning the agonistic behaviour of animals 
is vast. As the present study involved the agonistic 
behaviour of birds, this thesis will refer largely to 
other avian studies unless papers are considered 
sufficiently general to cover a range of taxa or, avian 
examples are not available. 
Historically fights have been divided into two 
categories; overt fights which involve actual physical 
contact between the combatants (see 1.1 below) and, non-
overt fights, the outcomes of which are decided without 
physical contact and which may involve sometimes 
elaborate sequences of behaviour and /or the assessment 
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of fighting ability (see 1.2 below). These categories are 
by no means mutually exclusive and interactions which 
begin as non-overt fights may become overt fights (Olsson 
1992), a process termed escalation. 
Overt fighting consists of bouts of actual physical 
contact between interactarits. Classically such 
interactions are seen as costly to one or both of the 
individuals involved, in terms of high levels of energy 
expenditure, damage to the body, or in extreme cases 
death (Lorenz 1966, Geist 1974, Eibl-Eibesfeldt 1975, 
Enquist and Leimar 1990). Fatal fights are rare amongst 
the vertebrates (Harrisson-Matthews 1963), despite the 
potential individuals of some species, (especially 
carnivores) clearly have for damaging one another, in 
terms of the weapons they posses (horns, antlers, talons 
and teeth) (e.g.Geist 1974, Hamilton 1979, Silverman and 
Dunbar 1980). Harrisson-Matthews (1963) has made the 
observation that; "On examining intra-specific fighting 
more than superficially it is at once apparent that an 
important part of animal behaviour, at least in the 
mammals, is directed towards avoiding intra-specific 
[overt] fighting". This avoidance strategy does not 
however mean that conflict does not occur. In fact 
aggressive behaviour is probably vital the social 
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organisation of the majority of animal species because of 
the role it plays in maintaining animal distributions; in 
sexual selection; and in ensuring successful reproduction 
by for example, brood defence (Lorenz 1966, Wilson 
1992a,b). So long as resources (mates, food or space for 
example) are in I.mlted supply animals will always compete 
with one another in order to secure their requirement. 
Overt fighting in the Blue Pit Parus caez-uleus is 
discussed in chapters 6 and 7 of this thesis. 
Given that agonistic interactions do occur, but that 
overt fighting is costly and should therefore be avoided 
one would expect selection to favour processes by which 
agonistic interactions might be resolved without 
escalation (Gauthreaux 1981, Tinbergen 1952, Maynard 
Smith and Price 1973, Parker 1974, Maynard Smith and 
Parker 1976). 
There is a body of evidence which suggests that 
asymmetries in fighting ability may exist between 
opponents and that these asymmetries are related to 
various social, experiential and/or physical 
characteristics of the animals involved. For example sex 
specific plumage in the House Finch (Brown and Brown 
1988), and physical size in the Common Toad (Krebs and 
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Davies 1993) have both been shown to be related to 
interaction outcome. Animals able to draw on prior 
contest experience and use that information to assess the 
likelihood of their winning a fight would be able to 
avoid costly encounters. Resolution of Blue Tit 
interactions by this method is investigated in chapter 5 
of this thesis and discussed in chapter 7. This type of 
assessment, involving gross differences in size, easily 
determined sexual differences and all or nothing 
asymmetries such as territory ownership can probably be 
made relatively quickly. Such contests have the potential 
to be of relatively short duration. However, if the 
differences which exist between contestants cannot be 
'instantly' assessed, but assessment is advantageous, 
selection should favour the development of a system 
through which assessment is facilitated. The agonistic 
displays of animals have probably evolved for this reason 
(Maynard Smith and Price 1973, Parker 1974, Maynard Smith 
and Parker 1976, Wagner 1992, but see Bond 1989). It has 
been suggested that through these displays animals may 
communicate (intentionally or not) to their opponents 
information about their resource holding potential, their 
motivational state and their strategic intentions (Dingle 
1969, Nelson 1984, Enquist and Jackobsson 1986, Bond 
1989, Wilson 1992a,b). Resolution of Blue Tit 
interactions 	through 	communicative 	displays 	is 
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investigated in chapter 6 of this thesis and discussed in 
chapter 7. 
Whether agonistic interaction outcomes are decided 
through overt or non-overt fighting, or an escalation 
from one to the other, interactions commonly have winners 
and losers. 
Within the framework of the interaction the terms 
dominant and subordinate are used to describe the winner 
and loser respectively. A single dyadic (two bird) 
interaction, reveals the dominance-subordination 
asymmetry which existed between the interactants at that 
time. Repeated observations of agonistic encounters 
between a particular dyad (two individuals) shows how 
consistent the relationship is. In many cases there is a 
high degree of directional constancy with respect to 
dominance, the individual which is dominant in one 
interaction is dominant in all, or the vast majority of, 
interactions with the same opponent (this was found by 
Wilson (1989), and Oberski and Wilson (1991) in their 
studies of the Great Pit Parus. major, and Baker (1992) 
in his study of the Blue Pit, and in the present study 
(see chapter 5). In such cases it is possible to describe 
the dominance-subordination relationship between the 
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individuals involved (Bernstein 1981). In the literature 
dominance-subordination asymmetries and relationships are 
commonly referred to simply as dominance asymmetries and 
dominance relationships. I will follow this convention. 
It is often useful to consider the dominance 
relationships of more than two individuals in a 
population simultaneously, especially if the species 
concerned is gregarious in habit (Bernstein 1981). Such 
assessment at the population level is achieved through 
the construction of a hierarchy of social status in which 
members of a population are arranged contiguously such 
that each individual has a higher position in the 
hierarchy than those individuals over which it was 
dominant at the dyadic level, (Masure and Allee 1934, 
Chase 1982, Appleby 1983, Boyd and Silk 1983). In this 
sense hierarchical position is termed rank, high ranking 
individuals are those which are dominant with respect to 
a larger proportion of the population (at the dyadic 
level), and low ranking individuals are subordinate to a 
larger proportion of the population (at the dyadic level) 
(Bernstein 1981, Hinde 1974). It is important to, note 
that whilst dominance asymmetries and dominance 
relationships involve two (or more) individuals, 
dominance ranks are assigned to a single individual 
(Bernstein 1981). 
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Consider a population consisting of three individuals A, 
B, and C. Three dyadic interactions are possible; A with 
B, B with C, and A with C. We may observe that A is 
dominant with respect to both B and C, and that B is 
dominant with respect to C. The relationship between 
these three individuals is termed a transitive one, and 
the resulting hierarchy a linear one (see box 1.1) (Chase 
1982). An alternative system based on intransitive 
relationships or a combination of both intransitive and 
transitive relationships, results in non-linear 
hierarchies (see box 1.1). In the case of our population 
of A, B and C, an intransitive relationship would exist 
if A was dominant to B, B was dominant to C, and C was 
dominant to A. In studies of social organisation it is 
common to attempt to create as simple as possible a 
picture of social organisation by arranging the members 
of a population into as linear a hierarchy as is possible 
(Appleby 1983). Perfectly linear hierarchies have been 
shown to exist in flocks of chickens (e.g. Schjelderup-
Ebbe 1922, Guhi 1953), but they are probably the 
exception rather than the rule (Appleby 1983 citing Wood-
Gush (1955) and Manning 1979, contra Chase 1974). 
Further, there is a tendency for hierarchies to depart 
from linearity as group or population size increases 
(Chase 1982 and Baker 1992 respectively) and, Appleby 
(1983) has demonstrated that if each dyadic relationship 
is reduced to the form of a one-zero winner/loser matrix 
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there is a high probability that a linear hierarchy will 
be arrived at (by the human observer) by chance. 
Transitive relationship 	Intransitive relationship 
A \
/ 
B 	 B A C  
Linear hierarchy: based on transitive relationships 
A 	)B 	 3D 	3E 
I Non-linear hierarchy: based on intransitive relationships 
AZ 	)B 	) 	 E 	) G 
Box 	1.1. 	Transitive 	and 	intransitive 	tryadic 
relationships and the hierarchies they form. 
From the wealth of observational and empirical evidence 
available, there can be little doubt that dominance 
asymmetries and dominance relationships exist (e.g. 
Arcese and Smith 1985, Hegner 1985, Oberski and Wilson 
1991, Popp et al 1990, Wilson 1989), and have 
significance to animals for the reasons outlined below 
(chapter 1.4). However, as Bernstein (1981) points out, 
"Accepting the existence of agonistic dominance 
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relationships does not entail accepting the existence of 
agonistic dominance rank hierarchies as well. There is no 
need to assume that agonistic dominance relationships and 
ranks are both reflections of the same proximal, 
evolutionary, functional, and oritogenic causes." In the 
same paper he also makes the useful point that, "Being 
number twenty nine in the agonistic dominance hierarchy 
of fifty [animals] may mean something to us, but it may 
have little biological meaning to the [ranked] 
individual". In fact hierarchies (and the ranks inherent 
to them) are abstractions from data pertaining to dyadic 
interactions and as such may be artefacts of the desire 
to produce as simple as possible a picture of the natural 
scenario (Lott 1981). However, predictive science begins 
with description, which in turn begins with a 
simplification of data (Candland and Hoer 1981). Whether 
meaningful to the study animal or not, hierarchical ranks 
are a useful tool for the human observer (particularly 
because they can be used to compare animals which did not 
actually interact with each other, but both interacted 
with the same members of the study population). So long 
as ranks are treated as tools, and predictions based upon 
them are tested at the level of the dyadic dominance 
relationship, they can be used to usefully describe 
inferred social relationships. 
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Being dominant, at the dyadic level, or having high rank 
at the population level, is generally thought to benefit 
individuals (Archer 1988). Conversely being subordinate 
is thought to be costly. Dominant or high ranking 
individuals gain in fitness, through a number of inter-
relating factors, some of which are listed (1-4) below. 
There are however costs associated with being dominant, 
or having high rank, examples of which are listed (5-6) 
below. 
Dominant/high ranking individuals enjoy higher 
survival rates (Arcese and Smith 1985, Baker et al 1981, 
Fretwell 1969, Glase 1973, Kikkawa 1981, Smith 1976). 
Dominant/high ranking individuals are often exposed to 
less risk of predation (Fretwell 1969, Glase 1973, Hegner 
1985, Murton et al 1971, Schneider 1984). 
Dominant/high ranking individuals enjoy higher levels 
of access to resources such as territory, and/or mates 
(Krebs 1971, Morse 1973, Sherry and Holmes 1988, 1989), 
or food (Andersson and Ahiund 1991, Baker 1992, Ficken et 
al 1990, Keys and Rothstein 1991, Popp 1987). 
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Dominant/high ranking individuals may enjoy enhanced 
levels of reproductive success (Lambrechts and Dhondt 
1986). 
Costs 
Dominant/high ranking individuals may be subject to 
higher rates of aggression (Rohwer and Ewald 1981). 
Dominant/high ranking individuals may have higher 
metabolic rates (Ficken et al 1990, Hogstad 1987, 1989, 
Roskaft et al 1986). 
Given that agonistic interactions occur and have 
important implications for individuals in terms of 
survival and reproduction, the logical question to ask 
is, how are they resolved? What is it about one 
individual which confers upon it the ability to be 
dominant with respect to another? As dominance 
asymmetries may control an individual,s access to vital 
resources (mates, food, shelter) it seems unlikely that 
the mechanisms governing dominance are stochastic. 
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The basic aim of the current study was to describe those 
asymmetries between Blue Tits which might contribute to 
the mechanism of agonistic interaction resolution in this 
species. 
Chapter 2 of this thesis describes the study site and 
provides some background information regarding the study 
species. In chapter 3 the biometry of the study 
population is described in order to provide the data set 
which contributes to the analyses carried out in 
subsequent chapters. This chapter also describes the 
development of a means of sexing Blue Tits by 
discriminant analysis (published in Ringing and Migration 
(Scott 1993) and presented as Appendix 1 of this thesis). 
Similarly chapter 4 provides data concerning the status 
of members of the study population as breeding residents 
within, or winter visitors to, the study area. It also 
provides some information about the winter movements of a 
subset of the study population. These data also 
contribute to the analyses carried out in subsequent 
chapters. 
As has been previously stated the mechanism of contest 
resolution might involve: overt fighting, which is 
investigated in chapter 6 and discussed in chapter 7; 
assessment of asymmetries in physical/social attributes 
of the interactants, which is investigated in chapter 5 
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and discussed in chapter 7; 0 onununication through 
agonistic displays, which is investigated in chapter 6 
and discussed in chapter 7. 
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In this chapter the study area is described (2.2) and a 
brief outline of the natural history of the study species 
is presented (2.3). Finally, the capture and marking of 
birds is described (2.4). 
This work was carried out in an area of 30-35 hectares of 
mixed woodland and established gardens around Ormiston 
Hall, East Lothian, Scotland (NT 412 660). The site, 
which will be referred to as Ormiston, is part of a 
mosaic of similar small wooded areas scattered through 
agricultural land and joined by a system of shelter belts 
and hedgerows (see map 2.1). The dominant tree species is 
Sycamore (Acer pseudopi at anus) , but Beech (Fagus 
sylvatica), Birch (Betula pendula) and Yew (Taxus 
baccata) are also common. Parts of the woodland have 
little in the way of a shrub layer, but other areas have 
a dense growth of Elder (Sam.bucus nigra), Hawthorn 
(Crataegus monogyna) and Rhododendron (Rhododendron 
ponticum). The area is managed at a low level and did not 
change significantly during the period of study. 
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Prior to this work Ormiston has been used as the site of 
a four year project looking at the winter social 
faru 'oj 
behaviour of Great TitsK, first by Mr.S.Ryder and latter 
by Dr.J.D.Wilson and Mr I.Oberski (Wilson 1989, 1992a,b, 
Oberski and Wilson 1991). As these studies used winter 
feeding and nest site supplementation to maintain a high 
tit population, it is probable that at the outset of this 
study the Oriniston Blue Pit population was artificially 
high (a key factor in choosing to work at the site). The 
breeding population of tits in a woodland is limited in 
size by the number of territories available. Each 
territory must be a minimum size if it is to provide the 
resources required for successful breeding (Brown 1987). 
A suitable nest site is a resource of prime importance. 
Hole nesting woodland bird populations are often limited 
by the availability of suitable nest sites and it has 
been shown that provision of artificial nest sites can 
increase local population size (Hogstad 1975). During 
winter, tit population densities are linked closely to 
the availability of food (Gibb 1950) and roost sites 
(Kluijver 1952), and it has been demonstrated that 
provision of food and suitable roost sites during the 
winter months can maintain populations at higher levels 
than would be present in a given area under natural 
conditions (Lack 1966). In order to maintain the 
population at a density that maximised data collection 
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during this study, winter feeding was continued and an 
excess of nest boxes was always available. The 
implications of artificial feeding will be discussed 
further in chapter 7 of this thesis. 
The nest boxes used had internal dimensions of 15cm x 
15cm x 30cm high with a 26mm entrance hole high on one 
side. They were tied (using soft wire to prevent tree 
damage) to trees, at least 3m above ground level. The 
boxes were painted black to make them inconspicuous and 
were always placed at least three months prior to the 
breeding season so that they could weather. Nest boxes 
were fixed at 65 sites, at least 60 of which had a box in 
any one year, (an average density of one box per 1.73 
hectares). 
During the winter of 1989/90 artificial feeding took 
place in a walled garden which was the site of the 
majority of behavioural observations described in 
subsequent chapters (local residents also fed the birds 
on an ad hoc basis at garden bird.' tables). During the 
winters of 1990/91 and 1991/92 feeding continued in the 
garden and was also carried out at a number of sites in 
the surrounding woodland as part of a project carried out 
jointly with R.Bain (1990/91) (see chapter 4) and another 
carried out by R.Heber-Percy (1991/92). An ad lib supply 
of food (peanuts) was provided in the walled garden 
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during each winter from early October to late March. Map 
2.1 shows the positions of nest sites, the main feeding 
site (walled garden) and feeders used during the projects 
carried out jointly with R.Bain and R. Heber-Percy. 
The Blue Tit, as a species, has a wide distribution 
throughout temperate Europe, eastwards to the Ural 
mountains and extending southwards to the Mediterranean 
sea, the Canary Islands and Iran. In Britain the race 
P.c.obscurus has an almost ubiquitous range, absent only 
from the highest treeless ground and the most barren 
Scottish islands (Perrins 1979). 
The annual cycle and breeding biology of the species 
received the attention of a number of studies (e.g. 
Stokes 1960, Gibb 1950), which were reviewed by Perrins 
(1979). During winter (October - March) Blue Tits are 
gregarious, moving locally in flocks of between two and 
twenty birds, often in the company of other species 
(Hinde 1952). It is thought that at least some of the 
flocking birds are in pairs that will eventually form 
breeding units and that these tend to spend as much of 
the winter as possible close to their breeding (summer) 
territories (Gibb 1950), (see chapter 4). British 
populations are regarded as sedentary, whilst continental 
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European birds have localised migrations and occasional 
large scale irruptions (Svardson 1967). Flocks break up 
in spring as males spend progressively more time on their 
breeding territories where they are subsequently joined 
by their mates. Blue Tits are hole-nesters and readily 
nest in nest boxes. The nest, a feather-lined moss and 
grass cup is built by the female who also incubates the 
clutch. The British mean clutch size is thirteen eggs 
(range seven - sixteen) (Perrins 1979). During the 
fifteen day incubation period the male supplements the 
diet of the female through nuptial feeding. After 
incubation the young are fed in the nest by both parents, 
for a further twenty days. After fledging they are 
dependent upon their parents for a further fifteen days. 
The adult birds remain on their territory for a post-
breeding moult prior to the resumption of winter flocking 
behaviour. Young birds aggregate into non-kin flocks soon 
after they leave the parental territory. 
Between October and March of 1989/90, 1990/91 and 1991/92 
birds were captured in mist nets using standard B.T.O. 
(British Trust for Ornithology) procedures (Spencer 
1984). The nets were positioned in areas likely to result 
in the highest capture rate; close to regularly used 
cover and feeding areas. Captured birds were measured 
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(see chapter 3) and fitted with a unique combination of 
leg rings to facilitate individual recognition in the 
field. Each bird was fitted with a metal B.T.O. ring and 
a coloured celluloid ring on one leg and two coloured 
celluloid rings on the other leg. All of the pulli 
hatched in nest boxes during the 1990 breeding season 
were individually colour ringed, the 1991 and 1992 season 
pulli were only fitted with B.T.O. rings and then colour 
ringed when subsequently captured. Data derived from the 
ringing programme are presented in chapter 3 of this 
thesis. 
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Map 2.1. The study Site (not to scale). 
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Shaded blocks = buildings, A = agricultural pasture, W = 
wood, WG = walled garden, G = garden, S = Scrub,  
stream, F = R. Bains feeder, R = R. Heber-Percys feeder, 
• = study bird table, x = 1990 nest site, o = 1991 
nest site. 
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Chapter 3 
The biometry of the Ormiston Blue Tits was recorded with 
two specific aims: 
To collect biometric data from known (colour ringed) 
individuals. These data would be used to investigate the 
influence of biometric variation between interacting 
birds upon agonistic interaction outcomes (see chapter 
5). 
To collect a data set which would allow the sexing of 
Blue Tits by discriminant analysis (see chapter .+ and 
Scott 1993). 
The current chapter begins with a description of the 
general methods employed (section 3.2). Methods specific 
to particular investigations appear in subsequent 
sections. Section 3.3 investigates the biometrics 
themselves and section 3.4 deals with sexing Blue Tits. 
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3.2.1 The biometrics 
Birds were captured as described in chapter 2. After they 
had been fitted with a unique combination of rings (to 
facilitate recognition of individuals) the biometrics 
listed below were recorded. A full set were not collected 
from all individuals because occasionally a bird escaped 
during processing arid, during the early part of the study 
the range of measurements to be taken had not been 
finalised. All measurements were made by the author in 
order to avoid inter-observer error. The standard methods 
outlined by Svensson (1992) and Spencer (1984) were 
followed whenever possible. Formal estimates of the 
author?s level of repeatability in collecting biometrics 
were not made. However, observations made (by independent 
observers) during ringing sessions showed a sufficient 
level of repeatability (i.e. within the range prescribed 
during standard B.T.O. training). 
The biometrics recorded 
1) Age. Birds were aged as being in either their first or 
a subsequent winter on the basis of contrast in the blue 
colouration of the alula and greater wing coverts (see 
Svensson 1992). First winter birds were termed 'young' 
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and birds more than one calendar year old were termed 
'old'. 
Wing length. The length (maximum chord) of the right 
wing was measured, using a stopped ruler, to the nearest 
1.0mm. 
Tarsus length. The length of the right tarsus was 
measured to the nearest 0.1mm using a pair of dial 
reading callipers. For speed and repeatability this was 
measured from the back of the inter-tarsal joint to the 
front of the toe base, where both joints had been held at 
900 to the tarsus long bone. The callipers used 
throughout this study were fitted with plastic stopping 
blocks to reduce the risk of damage to the birds and to 
increase the reliability of the measurement. 
Head plus bill. The distance from the bill tip to the 
back of the head was measured, to the nearest 0.1mm, 
using the modified callipers. (Head plus bill is referred 
to as 'bill' in the figures and tables included in this 
thesis.) 
Weight. The mass of the birds was recorded using a 
Pesola spring balance, to the nearest 0.1g. 
Bib. It was noted during preliminary examinations of 
birds that the 'quality' of the colouration of the bib 
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showed a degree of variation. A three point ordinal scale 
was devised to measure this: 1 = bib glossy black with no 
white feathers; 2 = bib matt black with some white 
flecking; 3 = white flecking extensive. 
7) White. The' extent of white feathering on the brow, 
measured (using a ruler to the nearest 1.0mm) as the 
distance from the highest point of the junction of the 
bill and skull, across the centre of the crown to the 
point at which the white feathers are replaced by blue 
ones. 
19MMMA"0141  
It was not the aim of this part of the project to conduct 
a detailed study of the biometry of the Blue Tit; the 
intent was simply to obtain a data set which would 
satisfactorily answer the questions arising from the aims 
outlined in section 3.1. Therefore it was decided to 
include in the following analyses only those birds of 
known sex (defined in chapter 3.4.2B), these individuals 
providing the most complete biometric data set. 
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The biometrics are described (means, standard deviations, 
minimum and maximum), for males and females, in table 3.1 
and their distributions outlined in Figures 3.1 to 3.6. 
From the means presented in table 3.1 it would appear 
that males tend to be larger and whiter than 
females. However, closer examination of the standard 
deviations, the ranges of the values and the 
distributions shown in figures 3.1 to 3.6 show that 
although trends may exist there are no clear cut sexual 
differences. The figures point towards a weak age related 
variation in the measures that may confound any real sex 
differences. As one example figure 3.1 suggests that old 
birds may tend to have longer wings than young birds. If 
males are longer winged than females it is possible that 
any sex difference could be masked because of overlap 
between the measures of young (small) males and old 
(large) females. 
In order to better understand the distributions of the 
biometrics and the possible effects of sex and age upon 
them the following analyses were carried out: 
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1) The relationship between measures 
Pearson correlations (Norusis 1993) were carried out to 
test the relationship between the various measures (table 
3.2). The table shows that statistically significant 
levels of correlation exist between a number of the 
measures. For both males and females weight is 
significantly correlated with size (wing length and 
tarsus length). Further, males with longer wings and 
tarsi also have greater head plus bill length 
measurements but this relationship was not observed in 
females. The 'quality' of the bib colour did not appear 
to be related to size, but brow whiteness was 
significantly correlated with size in both females (wing 
length and white) and males (tarsus length and white; 
weight and white; white and bill) 
As will be shown in chapter 5 both the size of a bird and 
the amount of white feathering on its brow may play an 
important role in the social system of the Blue Tit. The 
analyses presented above (and in table 3.2) suggest that 
size and whiteness may be linked. Thus it is important to 
determine whether variation in size is closely linked to 
variation in the amount of white feathering on the brow. 
In order to do this regression analyses were carried out 
(Ryan et al. 1989) to determine the degree to which the 
size of a bird predicts the amount of white feathering on 
the brow. The results of the analyses are presented in 
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table 3.3. In no case did variation in a measure of body 
size (wing length, tarsus length, head plus bill length, 
weight) explain more than 15% of the variation in the 
amount of white feathering on the brow. It can be 
concluded therefore that the relationship between size 
and whiteness is weak. 
2) Effect of Age and Sex. 
During the course of the study individual birds were 
often captured repeatedly within a winter, in these cases 
a mean was calculated for each measure so that each bird 
appears in the data set only once. Some birds were 
captured during more than one winter. It would have 
biased the study of age differences to include these in 
both the old and young age classes or to calculate a mean 
between years and so these birds were assigned randomly 
as being either young or old and included in the data set 
only once. To do so these birds (eleven male and ten 
female) were arranged in order of capture and a coin 
tossed to decide whether the first or second capture of 
the first listed bird of each sex was to be included. 
Having decided this birds were assigned alternately to 
the first or second capture group moving down the list. 
Analyses of variance (anova) (Norusis 1993) were carried 
out to investigate the effects of age and sex upon the 
measures. Table 3.1 shows the means of each biometric for 
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the four classes of animal considered (old males, young 
males, old females and young females). The anova results 
are presented in table 3.4. No interactive effects of age 
and sex were found. Tarsus length was found to vary 
significantly between age groups and sex groups. Males 
had longer tarsi than females (F = 6.98, p = 0.011, 1 
d.f.) and young birds had longer tarsi than old birds (F 
= 7.40, p = 0.009, 1 d.f.). In addition sex was found to 
affect both the amount of white brow feathering and bill 
length. Males were whiter than females (F = 6.23, p = 
0.016, 1 d.f.) and had longer head plus bill lengths (F = 
4.36, p = 0.04, 1 d.f.). No other statistically 
significant age or sex differences were found. 
These results suggest an influence of age upon tarsus 
length, younger birds having longer tarsi. From the data 
involved it is not possible to separate a cohort 
difference (which would appear to be an age effect) and a 
real age effect, because the young and old birds were not 
the same individuals measured in two seasons. In order to 
overcome this problem analyses were carried out which 
considered only birds which had been measured as both 
first year and second year birds. The data set consisted 
of seven males and nine females. Paired t-tests were 
carried out to test the null hypothesis that there would 
be no statistically significant difference between first 
year and second year values for each of the measures. The 
results of these are presented in table 3.5. No 
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statistically significant changes, with age, in either 
bib colour or weight were found to exist. Wing length, 
head plus bill length and brow whiteness were all found 
to increase significantly as birds became older, the 
effect on head plus bill length being particularly 
marked. Tarsus length was found to decrease significantly 
with age. 
I'ww_ 'J;f,;Y; 
It is perhaps not surprising that heavier birds are 
bigger birds, or that birds with long wings have long 
tarsi. It is probable that these relationships express a 
tendency for individuals which differ in size to remain 
in proportion with one another (i.e. growth is 
isometric). Brow whiteness also varies with size (weight 
and physical frame) and this too could simply be 
allometric effect, bigger birds having larger heads and 
therefore, proportionally, a larger area of white 
feathering. However, regression analyses suggest that 
this is in fact,an allometric relationship and that size 
and whiteness vary largely independently. 
Tarsus length, head plus bill length and whiteness were 
found to differ significantly between the sexes. These 
relationships agree with the literature which suggests 
that males of this species are larger than females (Flegg 
and Cox 1977, Perrins 1979, Svensson 1992, Dhondt pers 
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comm). This relationship will be discussed further in 
section 3.4 below. 
Biometrics were shown to vary significantly with age. The 
analysis of variance suggested that only tarsus length 
was age related, those of old birds being shorter than 
those of young birds. This analysis compared mean values 
for all birds aged as first years with those obtained 
from all second year birds and thus does not take into 
account difference between years for individual birds. It 
can therefore at best be regarded as a comparison of 
cohorts and not as an adequate investigation of the 
effect of age upon biometrics. The paired t-tests carried 
out considered individual age related variation. The 
results of these tests showed that individuals do change 
physically as they age. Wing length was shown to increase 
with age. This finding was expected and agrees with the 
findings of previous studies (Flegg and Cox 1977, 
Svensson 1992). Given that wing length increases, the 
observed head and bill length increase would be expected 
if proportion is to be maintained. No previous worker has 
investigated age related change in brow whiteness and so 
the finding that it increases with age is a novel one, 
though not a surprising one if the proportionality 
argument is pursued. That tarsus length decreases 
significantly as birds age is a surprising finding given 
that we might expect it to increase in line with wing 
length, bill length and whiteness. Further, O'Connor 
Page - 31 
(1984) stated that the final length of the tarsus is 
reached at an early stage during development and does not 
vary within a bird in later life. The increase in tarsus 
length shown by the analysis of variance is probably 
simply a cohort difference due to environmental variance 
acting at the population level. It is not easy however to 
explain the mean decrease shown within individuals which 
must be a real age effect. 
Parts of this section have been published, Scott (1993). 
See Appendix 1. 
Blue Tits (Parus caeruleus) are not obviously sexually 
dimorphic. Despite this they can, in common with many 
other passerine species, be sexed easily during the 
breeding season. Males sing and perform territorial 
displays (Stokes 1960) and develop an obvious cloacal 
protuberance (Svensson 1992). Females incubate the clutch 
(Perrins 1979) and develop a brood patch (Svensson 1992). 
During the winter months, when the majority of birds are 
caught for ringing, these techniques cannot be used to 
separate the sexes and several alternative methods have 
been suggested in the literature. 
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Perrins (1979) stated that males are considerably 
brighter than females, especially in the blue colour of 
the head and inner wing coverts. This difference he 
considered to be sufficient to separate the sexes in the 
hand, but not in the field. He also observed that birds 
became brighter with successive moults. Svensson (1992) 
stated that, after practice, 75% or more Blue Tits may be 
sexed after the juvenile moult (which occurs during the 
autumn (Perrins 1979)). Males ore bluer and brighter 
than females, having a wider collar and longer wings. The 
overlap in his sample was considerable. Flegg and Cox 
(1977) stated that variations in blueness, whilst 
adequate as an ageing criterion were not necessarily 
useful as a means of separating the sexes. They showed 
that the wings of males were longer, on average, than 
those of females but that overlap between the sexes and 
age groups was considerable. Variation in collar width 
r' 
has also suggested as a means of sexing Blue Tits 
(Svensson 1992). However, because this measurement is 
extremely difficult to take from a live bird and has 
already been shown to be of little, if any, use as a 
means of sexing Blue Tits (Sellars 1985) it was not 
investigated in this study. 
Discriminant Analysis, a multivariate statistical 
technique, can be applied to a population of seemingly 
sexually monomorphic individuals in order to separate 
them into discrete groups on the basis of morphological 
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variation (Norusis 1993). If it can be shown birds of 
known sex fall into different groups the method provides 
a powerful way of sexing other individuals in the 
population. Desrochers (1990) applied Discriminant 
Analysis to a population of Black-Capped Chickadees Parus 
atricapillus. He was able to sex birds with more than 90% 
accuracy, based on a combination of body measures 
recorded at the time of ringing. This method has also 
been successfully used to sex Rooks Corvus frugilegus and 
Jackdaws C. monedula ( Green 1982, Green and Theobald 
1989), Moorhens Gallinula chloropus (Anderson 1970) and 
Fulmars Fulmarus glacialis (Dunnet and Anderson 1961). 
The aim of this section of the project was primarily to 
find a reliable means of sexing Blue Tits in the hand 
during the winter months so that the effects of sex on 
social interaction and display could be investigated. In 
order to establish the range of possible sexing 
techniques a literature search was conducted and a 
questionnaire was circulated to Blue Tit ringers. The 
reliability of these techniques was tested by comparing 
the sex they predicted with the known sex of birds from a 
study population which had been sexed during the breeding 
season. 
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A) The questionnaire and literature search 
In order to establish the range of sexing criteria in use 
a literature search was undertaken and a questionnaire 
was circulated to 22 ringers. This included the questions 
presented in box 3.1. 
1. Do you sex the Blue Tits you catch in winter? (If the 
answer is 'some' please indicate the types of bird you 
sex (e.g. is it one age class)). 
How accurate do you think you are? 
Have you ever checked the repeatability of your sexing 
technique? 
4. Please explain as fully as possible how you sex your 
Blue Tits. 
The sexing methods detailed in the literature and 
obtained through the questionnaire (see section 3.4.3) 
were applied to birds from the study population. 
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B) Sexing the birds from the study population. 
The known sex of as many birds as possible was 
established during the breeding seasons of 1990, 1991 and 
1992. These birds were observed carrying out sex specific 
territorial and breeding behaviour, i.e. male singing or 
courting and female courting or nest building. They were 
also caught at the nest or in mist nets placed near to 
occupied nest sites and sexed in the hand (Svensson 
1992), females having obvious brood patches and males 
having definite cloacal protuberances. A number of male 
birds were also found to sing immediately upon release. 
The breeding population consisted of approximately 25 
pairs per season and it was estimated that the population 
in winter varied between 100 and 300 birds. The mist 
netted birds had a ratio of 1.35:1 first winter birds to 
older birds. Thus the population is estimated to consist 
of 42.5% of birds older than one winter, and 57.5% first 
winter birds. 
Sexing birds on the basis of blueness 
Birds trapped at Ormiston were categorised as either male 
or female based solely on the brightness of the blue 
feathering of the crown, wings and tail by one of three 
observers (including the author) who had no prior 
knowledge of a bird actual sex or wing length. 
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Observers were aware of the age of the bird and of the 
fact that blueness increases with age (Perrins 1979). All 
observers were experienced at handling Blue Pits and 
familiar with the full range of colour in the study 
population. Observers did not consult one another during 
the procedure. 
Discriminant analysis 
Discriminant Analysis is a multivariate statistical 
method which may be used to separate related members of a 
population into discrete groups, in this case males and 
females. Figures 3.1 to 3.6 and the statistics described 
above show considerable overlap in the biometrics of male 
and female Blue Tits but that a trend towards a degree of 
sexual dimorphism exists. These differences are not 
sufficient to allow allocation of an individual to one of 
the two sex groups on the basis a single biometric but 
because individuals may vary in a number of biometrics in 
a way which is predictable, and indicative of group 
membership, discriminant analysis can be used to produce 
a function incorporating several measures which best 
separates the sexes. 
Discriminant analysis may follow a direct entry method 
(all variables considered simultaneously) or a step-wise 
method (variables considered in series). In this case 
direct entry discriminant analysis was carried out using 
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the MINITAB statistical package (Ryan et al 1989). Direct 
entry discriminant analysis assumes that the predictor 
variables do not show a high level of xnulticollinearity. 
In section 3.3 it was demonstrated that some biometrics 
were correlated with one another, and therefore it would 
perhaps have been more correct to use a step-wise 
analysis which would take these correlations into account 
(Manly 1990). Step-wise analysis however introduces bias 
into the analysis because given enough variables it is 
almost certain that some combinations of them will 
produce significant discriminant functions by chance 
alone (Manly 1990). In the statistical package MINITAB 
(Ryan et al 1989) the discriminant program assessasthe 
degree of niulticollinearity in a data set and indicates 
if the level is sufficiently high that the assumptions of 
the method are violated. The data used were tested with 
this; no problems were found and so the direct entry 
method was adopted. All of the biometrics taken from 23 
known males and 22 known females were entered into the 
program (data were only taken from those birds of known 
sex for which a full set of biometrics were available), 
which produced a linear combination of the biometrics 
which gave the most significant level of separation of 
the sexes. The program produced a continuous distribution 
of birds ranging from those with a near 100% probability 
of being male to those with a near 100% probability of 
being female. As the reference sample was composed of 
birds of known sex it was possible to establish the 
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percentage of cases which were correctly classified by 
the program. This assessment of accuracy is not ideal 
because it over estimates the performance of the 
discriminant function because the birds which are being 
assessed are the same birds that were used to produce the 
function (Lachenbruch 1975). By dividing the original 
sample, sexing half of the birds and applying the results 
of the analysis to the remainder it would be possible to 
gain a better estimate of the function's reliability 
(Desrochers 1990). Unfortunately the sample size involved 
was insufficient to allow this. A better estimate of the 
function's reliability can however be gained by applying 
the technique known as 'Jack-knifing'. By this process 
cases (birds) are removed from the data set one at a time 
and the analysis is carried out on the remainder. The 
discriminant function is then used to assign predicted 
group membership to the removed case. This is repeated 
until all cases have been tested and a reliability 
estimate is based on the percentage of cases correctly 
assigned. The 'XVAL' command from Minitab (Ryan et al 
1989) was used to carry out this procedure. 
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The Questionnaire 
22 ringers received questionnaires and seventeen replied; 
eight of the seventeen did not sex Blue Tits caught 
during winter. Of the nine remaining, the answers to 
question 1 ranged from 'yes - some' to 'yes - 99%'.In the 
majority of cases only older and brighter birds were 
sexed, leading to a bias in favour of labelling birds 
'male'. Question 2 received a similar answer, some 
ringers feeling that they correctly sexed birds 'some' of 
the time whilst others felt they were correct all of the 
time. In response to question 3, none of the replies 
showed that ringers checked the repeatability of their 
sexing although one reply stated that although no 
methodological checking had been done, 30% of retrapped 
birds could not be re-categorised consistently. Ringers 
who answered question 4 used a combination of blueness 
and wing length to sex birds (none used collar width). 
Males were considered to be brighter and bluer than 
females and to have longer wings; birds with a wing 
longer than 64mm were sexed as males and those with 
shorter wings as females. 
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Sexing birds on the basis of blueness 
The three observers assigned 182 birds (122 individuals) 
to a sex group based solely on winter blueness. On eight 
occasions (six individuals) no decision could be reached. 
Only the results for the 23 individuals (36 captures) of 
known actual sex are discussed here. No decision could be 
reached for two of the 36 captures (one known to be male 
and one known to be female). Table 3.6 shows that birds 
were correctly sexed on a total of 21 occasions and 
incorrectly on thirteen. The null hypothesis that 50% of 
all birds would be sexed correctly by chance cannot be 
rejected (table 3.6, G = 1.90, 1 d.f., p 	> 0.05). 
Separating the sexes the result remains non significant 
for females (G = 0.00, 1 df., p 	> 0.05), but is 
significant for males (G = 4.186, 1 d.f., p 	< 0.05). 
This significant result is attributable to correctly 
sexing young males (Table 3.6, G test not possible); the 
result was non significant for old males. but the data are 
biased in the direction of correct sexing (G = 1.359, 1 
d.f., p > 0.05). 
Repeatability of attributing sex on the basis of blueness 
61 birds were caught and sexed according to blueness on 
two occasions, 52 were sexed twice by different observers 
and 9 were sexed twice by the same observer. G tests were 
carried out to test the null hypothesis that different 
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ringers, and the same ringer, re-sexed birds at a level 
of repeatability no different to that expected by chance 
(Table 3.7). Different ringers agreed on the sex 
attributed to a bird 69.2% of the time, this is a 
statistically significant level of repeatability compared 
to the 50% null hypothesis (G = 7.89, 1 d.f., p = 
0.01). Individual ringers also had a high degree of 
repeatability (88.8%), (0 = 6.19, 1 d.f. p = < 0.02). 
Sexing birds using wing length 
Figure 3.1 shows the distributions of wing lengths found 
in the birds of known sex; the means for each age/sex 
group are given in Table 3.1. There is a trend for males 
and older birds to have a longer mean wing length than 
females and younger birds. An analysis of variance showed 
that neither age nor sex had a statistically significant 
effect upon wing length (see chapter 3.3) (1 d.f., F = 
1.435, p= 0.236 and 1 d.f., F = 2.4, p = 0.127 
respectively), with no age/sex interaction (52 d.f., F = 
0.353 p = 0.555) (Table 3.4). the consequence of using a 
64mm cut off point is investigated below. 
Page - 42 
Discriminant Analysis 
The linear function best discriminating males and females 
was as follows: 
D = -2092.9 + 162.2(head plus bill) + -45.6(weight) + 
32.2(bib) + 20.2(tarsus length) + 15(white) + 
4.8 (wing) 
where D is the discriminant score and the biometrics are 
listed in order of importance and the units for the 
biometrics are as in section 3.2.1. 
Mean (± S.E.) discriminant scores for males and females 
were 2093.6±13.4 and 2082.9±13.9 respectively. Without 
'Jackknifing' 82% of 23 males and 77% of 22 females (80% 
of the birds of known sex) were correctly classified. 
After 'Jackknifing' 70% of 23 males and 68% of 22 females 
(68.9% of the birds of known sex) were correctly 
classified. The inclusion of information about the age of 
birds in the analysis did not improve the classification. 
A discriminant analysis involving only wing length (i.e. 
a situation analogous to the one used by the majority of 
ringers who responded to the questionnaire) classified 
only 57.1% of 56 cases correctly (the result being the 
same prior to and after 'Jackknifing'). (The sample size 
in this case being slightly larger because it was not 
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necessary to restrict analysis to those cases with a full 
set of biometrics.) This represented correct 
classification of 48.1% of 27 males and 65.5% of 29 
females without 'Jackknifing' and 48% of 27 males and 66% 
of 29 females after 'Jackknifing. The linear function 
best discriminating males and females 
D = -768.95 + 23.88(wing length) 
Mean (± S.E.) discriminant scores for males and females 
wér 768±8.08 and 755.32±6.77 respectively. 
3.4.4 Discussion 
From the literature and the questionnaire, ringers who 
sex Blue Tits caught in winter do so using a combination 
of differences in wing length and brightness of blue 
feathering (Flegg and Cox 1977, Perrins 1979). 
Differences in collar width have been cited (Svensson 
1992) but do not appear to be useful (Sellars 1985). 
This study shows that a high level of within-ringer 
repeatability can be achieved when attributing sex to 
birds on the basis of blueness, however repeatability is 
reduced when more than one ringer is involved. This inter 
individual error is a recognised phenomenon in biometric 
studies of birds, emphasizing the need for a single 
observer to make all measurements whenever possible 
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Repeatability alone does not provide an assessment of the 
validity of the technique. It would be possible to 'sex' 
birds consistently, but to do so incorrectly 
consistently. Comparison of the known sex of a bird and 
the sex attributed to it on the basis of blueness shows 
that predicting sex by blueness is of limited use. It 
seems likely that for birds of the same age males are 
indeed a brighter blue than females but because the 
degree of overlap is so great only birds at the extremes 
of the population can be separated accurately. It is 
probable that only very bright young male birds can be 
correctly sexed with a sufficiently high level of 
accuracy to be useful. In view of this it is concluded 
that blueness is an inadequate separator of the Blue Tit 
sexes during the winter months. 
No significant sex differences in mean wing length were 
found in the study population. This was surprising given 
that wing length is widely reported to be an indicator of 
sex in this species (Burgess 1982, Flegg and Cox 1977, 
Svensson 1992). Comparison of the overlap between the 
sexes shown in Figure 3.1 and the 64mm cut off point used 
as a separator by some ringers shows that this criterion 
is an insufficient discriminator of sex in the study 
population (although mean wing lengths of males and 
females do fall on either side of 64mm (see table 3.3)). 
This is further supported by the results of the 
discriminant analysis which looked at wing length alone. 
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It is concluded that wing length alone should not be used 
for sexing Blue Tits. 
Discriminant analysis using six body measures does 
produce a linear discriminator equation which can 
separate male and female birds with at least 68.9% 
accuracy (and possibly 77.4%). Of the techniques 
investigated in this chapter, discriminant analysis 
proved to be the most reliable. Due to the possibility of 
inter-population variation in size dimorphism (for 
example Van Balen (1967) has shown that Great Tits show a 
higher degree of sexual dimorphism in deciduous woodland 
than do populations inhabiting coniferous woodland), the 
linear function must be re-calculated for each population 
studied. It is not simply a case of taking the equation 
presented above and applying it universally. Given 
appropriate software and suitable data the technique is 
easily applied and should prove to be useful in 
separating the sexes in species traditionally considered 
to be visually sexually monomorphic. However, perfect 
sexing can rarely be achieved. 
This study has shown that previously reported methods of 
separating male and female Blue Tits in the hand during 
winter are inaccurate in the case of this (and probably 
other) populations. It also highlights the need to check 
the validity of techniques 'borrowed' from other sources 
Page - 46 
prior to applying them to populations of birds other than 
those from which they were originally derived. 
The aims set out in section 3.1 of this chapter were 
achieved. A biometric data set was collected which will 
be used in subsequent analyses presented in this thesis. 
Further a means of assigning probable sex to the birds 
contributing to the various data sets used in the 
following chapters was found. However, as perfect sexing 
can not be acheived these data sets are disappointingly 
small). This section of the chapter (3.4) has been 
published as a paper in Ringing and Migration (Scott 
1993), a copy of which is included as Appendix 1 of this 
thesis. 
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Table 3.1 
- 	
N 	mean 	S.D. 	S.E 	range 
Young Males 
wing 19 64.14 1.25 0.29 62.0 - 67.0 
tarsus 17 20.03 0.48 0.12 19.3 - 20.9 
weight 18 11.44 0.48 0.12 10.5 - 12.4 
bill 17 24.7 0.36 0.09 24.3 - 25.7 
bib 15 2.16 0.55 0.14 1 - 3 
white 18 6.21 1.17 0.28 4 - 8.5 
Old Males 
wing 8 65.0 2.62 0.93 61.0 - 69.0 
tarsus 8 19.6 0.75 0.27 18.2 - 20.4 
weight 8 11.13 0.51 0.18 10.5 - 12.2 
bill 8 24.79 0.51 0.18 24.0 - 25.5 
bib 8 2.19 0.53 0.19 1.5 - 3 
white 8 5.94 1.74 0.62 4 - 8 
Young Females 
wing 13 63.66 1.27 0.35 61.0 - 66.0 
tarsus 13 19.61 0.54 0.15 19.0 - 21.1 
weight 13 11.03 0.76 0.21 10.1 - 12.6 
bill 13 24.48 0.52 0.14 23.4 - 25.3 
bib 11 2.27 0.47 0.14 2 - 3 
white 13 4.77 0.83 0.23 3.5 - 7 
Old Females 
wing 16 63.97 1.74 0.43 60.0 - 67.0 
tarsus 15 19.16 0.51 0.16 178 - 19.8 
weight 15 11.08 0.77 0.20 10.0 - 12.9 
bill 15 24.37 0.64 0.16 22.4 - 24.9 
bib 12. 2.63 0.48 0.14 2 - 3 
white 16 5.72 1.34 0.34 3.5 - 8.0 
The biometrics collected from the Ormiston Blue Tits. 
Means, standard deviations (S.D.), standard errors 
(S.E.), minimum and maximum values (range) of the six 
measures. The sample includes only birds of known sex. For 
scales/units of measurement see text. 
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Males 
wing 	tarsus 	weight 	bill 	bib 
tarsus 0.38(26)NS 
weight 0.55(27)** 0.47(26)* 
bill 0.62(26)** 0.69(26)*** 0.35(26)NS 
bib -0.00(24)NS -0.14(24)NS 0.21(24)NS -0.01(24)NS 
white 0.37(27)NS 0.41(26)* 0.26(26)* 0.58(26)** -0.24(24)NS 
Females 
wing 	tarsus 	weight 	bill 	bib 
tarsus 0.32(28)NS 
weight 0.58(28)" 0.56(28)" 
bill 0.28(28)NS 0.17(28)NS 0.04(28)NS 
bib -0.16(23)NS -0.34(22)NS 0.15(22)NS -0.07(22)NS 
white 0.39(29)* -0.13(28)NS 0.28(28)NS -0.00(28)NS 0.13(23)NS 
= p < 0.001 
** = p < 0.01 
* = p < 0.05 
NS = p > 0.05 
Pearson correlations between the biometrics. The sexes 
are considered separately, but young and old birds are 
pooled. The sample size for each correlation is shown in 
parentheses. 
Page - 49 
Table 3.3 
wing, N = 55, r2 ad' = 14.3% 
equation = (wifite = -15.4 + 0.329(wing)) 
source 	M. 	55 	HS 	F 	p 
regression 1 15.28 15.28 10.00 0.003 *** 
error 	53 	 80.96 	1.53 
total 54 96.24 
tarsus, N = 53, r 2ai 	4.2% 
equation = (whiEe = -4.14 + 0.5(tarsus)) 
source 	M. 	55 	 MS 	F 	p 
regression 1 5.64 5.64 3.30 0.075 N.S. error 	51 	 87.18 	1.71 
total 52 92.82 
weight, N = 54, r2ai = 10.9% 
equation = (whxe = -1.74 + 0.666(weight)) 
source 	M. SS MS F p regression 1 10.13 10.13 	6.33 0.015 * error 	52 83.21 1.60 
total 53 93.34 
bill, N = 53, r2 ad' = 9.2% 
equation = (wIite = -133 + 0.777(bill)) 
source 	M. SS MS F p regression 1 8.53 8.53 5.16 0.027 * error 	51 84.28 1.65 
total 52 92.81 
= p < 0.001 
** = p < 0.01 
• * = p < 0.05 
NS = p > 0.05 
Regression analyses to demonstrate the relationship 
between the amount of white feathering on the brow of a 
bird and its body size (wing length, tarsus length, head 
plus bill length and weight). radj = the proportion of 
the variance in white explained by each of the measures 
of size considered. d.f. = degrees of freedom, SS = sum 
of squares, MS = mean square, F = F ratio. 
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Table 3.4 
Effect SS d.f. MS F P Sig 
Wing 	Age 3.89 1 3.89 1.435 0.236 N.S. 
N = 53 Sex 6.50 1 6.50 2.400 0.127 N.S. 
Age*Sex 0.96 1 0.96 0.353 0.555 N.S. 
Error 140.76 52 2.73 
Tarsus 	Age 2.45 1 2.45 	7.407 	0.009 	** 
N = 50 Sex 2.31 1 2.31 6.982 0.011 * 
Age*Sex 0.001 1 0.001 0.004 	0.951 	N.S. 
Error 16.20 49 0.33 
Weight Age 0.14 1 0.14 0.331 0.567 N.S. 
N = 51 Sex 0.90 1 0.90 2.128 0.151 N.S. 
Age*Sex 0.41 1 0.41 0.958 0.333 N.S. 
Error 21.138 50 0.44 
Bill Age 0.01 1 0.01 0.033 0.857 N.S. 
N = 50 Sex 1.14 1 1.14 4.359 0.042 * 
Age*Sex 0.13 1 0.13 0.496 0.485 N.S. 
Error 12.77 49 0.26 
Bib Age 0.40 1 0.40 1.294 0.262 N.S. 
N = 43 Sex 1.10 1 1.10 3.592 0.065 N.S. 
Age*Sex 0.17 1 0.17 0.566 0.456 N.S. 
Error 12.91 42 0.31 
White Age 3.85 1 3.85 2.356 0.131 N.S. 
N = 52 Sex 10.18 1 10.18 6.226 0.016 * 
Age*Sex 4.48 1 4.48 2.739 0.104 N.S. 
Error 83.39 51 1.64 
N.S. = p > 0.05 
* = p < 0.05 
** = p < 0.01 
Analysis of variance with the null hypothesis that the 
group means of the dependent variable (the biometric) are 
equal. The factors considered are age and sex. SS = sum 
of squares, d.f. = degrees of freedom, MS = mean square, 
Sig = statistical significance. 
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Table 3.5 
A) 
N 	year 	iuean(s.e.) 	range 
wing 16 1 62.66(0.34) 60.0 - 65.0 
2 63.66(0.43) 60.0 - 66.0 
tarsus 14 1 19.39(0.13) 17.9 - 20.2 
2 19.36(0.14) 17.8 - 20.2 
weight 15 1 10.92(0.13) 10.1 - 11.9 
2 11.07(0.12) 10.0 - 11.8 
bill 14 1 24.25(0.09) 23.4 - 24.7 
2 24.59(0.09) 23.8 - 25.0 
bib 12 1 2.23(0.13) 1.7 - 3.0 
2 2.53(0.14) 1.5 - 3.0 
white 16 1 5.10(0.33) 3.0 - 8.0 
2 5.59(0.39) 3.0 - 8.0 
B) 
N mean change (s.e) t p 
wing 16 0.99(0.39) 2.53 0.02 * 
tarsus 14 -0.98(0.04) -2.37 0.03 * 
weight 15 0.17(0.12) 1.52 0.15 N.S. 
bill 14 0.31(0.07) 4.6 0.0005 *** 
bib 12 0.25(0.12) 2.04 0.066 N.S. 
white 16 0.49(0.91) 2.15 0.048 * 
*** = p < 0.001 
** = p < 0.01 
* = p < 0.05 
NS = p > 0.05 
Paired t-tests to investigate biometric change with age. 
Table A describes the data (for units of measurement see 
text), year 1 = first winter, year 2 = second winter. 
Table B presents the test results. Birds of different 
sexes and ages are pooled. 
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Table 3.6 
Age 	Known Correctly Incorrectly 	G Sig. 
sex 	sexed 	sexed 
all 	male 12 4 4.19 * 
birds female 9 9 0.00 N.S. 
total 21 13 1.90 N.S. 
old 	male 8 4 1.36 N.S. 
female 4 4 0.00 N.S. 
young male 	4 	 0 
female 5 5 	0.00 N.S. 
* = p < 0.05 
N.S. = p > 0.05 
Comparison between the sex attributed to a bird based on 
the blueness of its plumage and the actual sex of the 
bird. Two captures for which no decision based upon 
blueness could be reached are excluded. The results of G 
tests are given; in each case these compare the accuracy 
of sexing using blueness with that which would be 
expected were sex allocated to individuals randomly. 
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Different ringers 	The same ringer 
Agree 	Disagree Agrees Disagrees 
36 	 16 	 8 	 1 
G = 7.89 ** G = 6.19 * 
1 d.f. 	 1 d.f. 
* = p < 0.05 
**=p<0.01 
A measure of the level of repeatability with which a 
ringer or a pair of ringers were able to attribute sex to 
birds on the basis of blueness. In each case the rejected 
null hypothesis was that 50% of birds would be 
consistently sexed by random. 
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Figure 3.1a. The distributions of wing length in samples 
of young birds known to be male (filled bars) and female 
(open bars). 
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Figure 3.1b. The distributions of wing length in samples 
of old birds known to be male (filled bars) and female 
(open bars). 
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Figure 3.2a. The distributions of tarsus length in 
samples of young birds known to be male (filled bars) and 
female (open bars). 
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Figure 3.2b. The distributions of tarsus length in 
samples of old birds known to be male (filled bars) and 
female (open bars). 
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Figure 3.3a. The distributions of body weight in samples 
of young birds known to be male (filled bars) and female 
(open bars). 
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Figure 3.3b. The distributions of body weight in samples 
of old birds known to be male (filled bars) and female 
(open bars) 
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Figure 3.4a. The distributions of head plus bill length 
in samples of young birds known to be male (filled bars) 
and female (open bars). 
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Figure 3.4b. The distributions of head plus bill length 
in samples of old birds known to be male (filled bars) 
and female (open bars). 
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Bib colour 
Figure 3.5a. The distributions of bib colour (see text 
for units) in samples of young birds known to be male 
(filled bars) and female (open bars). 
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Figure 3.5b. The distributions of bib colour (see text 
for units) in samples of old birds known to be male 
(filled bars) and female (open bars). 
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Figure 3.6a. The distributions of the amount of white 
feathering on the brow in samples of young birds known to 
be male (filled bars) and female (open bars). 
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Figure 3.6b. The distributions of the amount of white 
feathering on the brow in samples of old birds known to 
be male (filled bars) and female (open bars). 
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The use of space by Blue Tits 
Space related phenomena such as territoriality or site 
familiarity have been shown to be important in 
determining the outcomes of social interactions in a 
range of species (e.g. Oberski and Wilson 1991, 
Huntingford 1987) (see chapters 5, 6 and 7). For this 
reason chapter 4 is a brief over view of some aspects of 
the use of space by Blue Tits which will be considered in 
chapters 5, 6 and 7 because of their potential importance 
as correlates of social dominance. This chapter is not 
intended as a detailed study of the use of space by Blue 
Tits, rather it simply presents in brief those data which 
were collected in order that the aims of chapters 5 and 6 
might be achieved. It was considered necessary to collect 
data on the distribution of breeding territories (summer) 
around the sites at which behavioural observations 
(winter) took place, and the identities of the 
territorial birds, which birds could be considered as 
being resident during the winter, and which birds could 
be regarded as visitors. Residents it will be assumed, 
will be more familiar with the study area and with each 
other. These two aspects are not necessarily independent 
as territory holders are also often winter residents (see 
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below), but not all winter residents are territory 
holders. 
As described in chapter 2 Blue Tits are known to be 
territorial, and therefore sedentary, during the breeding 
season and summer months (Perrins 1979). For the purposes 
of a study of winter social behaviour members of the 
breeding population can only be regarded as being 
resident within the boundaries of the study area if it 
can be shown that they remain on or close to their 
territories throughout the year. Thus it was necessary in 
this project to both locate the territories of all 
identifiable Blue Tits breeding within the study area and 
to investigate winter residence patterns. 
The winter behaviour of the titmice (Parus spp.) has been 
the subject of many studies (Ekman 1989 and references 
therein). Generally the genus is considered to display a 
dichotomy in non-breeding social organisation. Some 
species such as the Willow Tit Parus montanus form small, 
stable flocks which defend a communal winter territory 
from conspecifics. Other species such as the Great Pit 
form large, loosely knit flocks with no clearly delimited 
group territory (Ekman 1989). However, there is evidence 
that they may have a system of non-exclusive, overlapping 
home ranges: Saitou (1978) suggested that wintering 
flocks of Great Tits inhabit a core area of frequently 
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used woodland and a peripheral area which is less used, 
with neither area being defended from conspecifics that 
are not members of that group. Thus caution should be 
exercised in assuming that conclusions derived from one 
population of a species (or from a single species within 
a qraop of closely related species) may be applied 
universally. 
The Blue Tit has received relatively little attention in 
comparison with other members of the genus. Gibb (1956) 
stated that the winter ranging behaviour of the species 
is similar to that of the Great Tit in that birds wander 
more freely at that time of year than at any other. 
However he also stated that some adults stay all winter 
in a restricted area that includes the summer territory. 
During a study of non breeding Blue Tits, Kenrick (1940) 
showed that about one third of the birds using an 
artificial feeding site were permanent residents of that 
area, the remainder of the population being infrequent 
visitors. At one winter ringing station in England, 
between 40% and 80% of birds were shown to be 'resident' 
with no more than one quarter of the birds ringed at any 
site moving more than 200-400m from it (Flegg 1987). In 
parts of its continental range the Blue Tit is often a 
long distance migrant, especially in years of food 
shortage (Perrins 1979). British Blue Tits are more 
sedenth but have been recorded as having moved distances 
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of several kilometres. These reports are rare and the 
exact nature of the movements with respect to age, sex 
etc. have not been analysed. However, what is clear is 
that individuals and groups of birds do differ 
considerably in their winter movements. 
Between March and May of 1990, 1991 and 1992 occupied 
nest sites were mapped. Initially birds were located by 
walking random routes through the study site (at a 
constant speed), listening for their song and calls. Care 
was taken to ensure that all areas received equal 
attention initially, but as progressively more nest sites 
were located increasing attention was given to those 
areas in which fewer nests had been found. The Blue Tit 
is not a particularly vocal species (pers. obs.) and 
birds tend to spend prolonged periods foraging, out of 
sight, in the canopy. In order to increase the likelihood 
that birds would be found, a tape lure of Blue Tit song 
was played for one minute (or until the first response 
was noted) at non-regular intervals throughout the study 
area. No special amplification equipment was used and so 
birds were unlikely to be drawn from great distances. 
This method allowed the association of birds with 
Page - 70 
specific areas of the woodland. By following them to 
their nest sites and then watching the coming and going 
of birds during the breeding season, the identities and 
locations of breeding birds was established. Observations 
of birds at nest sites were carried out using a Bresser 
15-60x Mirador telescope. The distance from each nest 
site to each winter feeding site was measured as a 
straight line on a map of the study site. Contours were 
not taken into account. 
Nest sites used 
Twenty three nest sites were located during the spring of 
1990, twenty four in 1991, and fifteen in 1992; a total 
of 62 nesting events. All of these, with the exception of 
three of the 1990 nests were in nest boxes. Twenty nine 
individually recognisable males were involved in forty 
nesting events. Twenty bred only once, four bred in two 
consecutive years, two in two non-consecutive years, and 
three in all three years. Thirty five identifiable 
females were involved in forty one events, twenty nine 
bred only once and six bred in two consecutive years. No 
females bred in all three seasons. 
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Site fidelity 
Males which bred in more than one season showed a high 
degree of fidelity to a nest site, four using the same 
site in two consecutive years, two using the same site in 
two non-consecutive years, and two using the same site in 
three years. Only two males changed nest site between 
seasons. One of them used the same nest box for two 
seasons and then moved c. 60m to the adjacent nest box. 
The other used a natural site during the first season, 
was not located breeding during the second season, and 
was found using a nest box c. 60m from the first site 
during the third season. Three females used the same site 
in two consecutive years. Three females changed site in 
two consecutive years one moving c. 180m between two nest 
boxes, one moving c. 50m between two nest boxes , and one 
moving c. 20m between a natural site and a nest box. 
Mate fidelity 
Two pairs of birds remained faithful for two years (to 
one another and to the nest site), five males used the 
same site twice with different females, and two males 
used a site three times with a different mate each time. 
No females used the same site with different mates. 
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PiMIRUMITIM 
4.3.1 Methods 
Blue Tit Winter movements were investigated in 
conjunction with R. Bain as part of her final honours 
project. The results presented in chapter 4.3.2 (below) 
refer only to those winter data which were collected by 
the author and R. Bain as part of that project in 1990-
91. As the analysis depends on the special feeders 
erected during that winter the data collected by the 
author during the winters of 1989/90 and 1991/92 are 
excluded. During the winter of 1990-1991 (November to 
February) the tits were provided with peanuts at six 
feeders placed approximately 45m apart along a line c. 
300m long (See chapter 2 and map 2.1). Sites were chosen 
to ensure similar amounts of cover from which birds could 
approach the feeders. These sites were provisioned 
constantly throughout the study. Feeders were observed in 
random order during the first three hours of daylight. 
Each observation session lasted for 30 minutes and up to 
three feeders were observed per day. A total of 103 
feeder-observations were made. Observations were made 
from a portable hide or from natural cover and the 
observer was never more than urn from the feeder. During 
each observation session the identities of all Blue Tits 
visiting an area of 5m diameter around the feeder were 
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recorded. The data therefore record whether a bird 
visited the feeder in the observation session, not the 
actual number of visits made or the time spent at the 
feeder. We assume that if a bird is seen to use one 
feeder more than others it has a preference to feed at 
that feeder, and that it spends more of its time in the 
area around that feeder than in the area around other 
feeding sites. Data collection stopped before it became 
obvious that the behaviour of the birds changed from that 
associated with winter to that characteristic of spring-
time and territoriality. 
4.3.2 Results 
Two hundred identifiable Blue Tits were seen to visit at 
least one feeder on at least one occasion. The number of 
sightings of an individual varied between 1 and 20 (mean 
3.55). The majority of birds were seen infrequently (80 
were seen only once). Following preliminary 
investigations of the data set, 53 birds were chosen as 
being of particular interest because they had an 
association with a known nest site either as a breeder 
(during the spring before or after the observation 
period), or as a nestling in 1990 (Table 4.1). Except 
where otherwise stated, all results are based on these 
birds (mean number of sightings 4.5). The remainder of 
the nestlings produced during the 1990 breeding season 
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were not seen at any of the feeder sites. The remainder 
of the breeding population were either unringed during 
the observation period or were not seen at a feeder. 
Feeder preference 
In order to investigate the spatial relationship between 
feeder preference and the nest site at which a bird had 
either bred (in 1990 or 1991) or from which it had 
fledged (in 1990), the total number of 30 minute 
observation sessions in which each of the 53 birds 
visited each feeder was converted to the mean number of 
visits per observation session. This figure is actually a 
minimum mean rather than a true mean because the number 
of times a bird visited a feeder was not recorded, the 
data only indicate whether birds did or did not visit 
during a given session. This was necessary because 
feeders were not observed a uniform number of times and 
because some birds were unringed at the beginning of the 
study. Using these visit rates the feeders were ranked, 
for each bird, from most frequently visited to least 
frequently visited. The most frequently visited feeder is 
not the same feeder for - all individuals. 
The population (i.e 53 birds) mean visit rate for the 
most frequently visited feeders (m1), second most visited 
(rn2), etc, was then calculated. In order to scale these 
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means for comparison with a theoretical expected 
distribution it was necessary to calculate a relative 
deviation (rd) from the mean (M) of the six visit rates 
(M=m1+m2+m3+m4+m5+m6/6). Relative deviations are 
presented in Figure 4.1, where, for example, for the most 
preferred feeder rd=(m 1-M)/M. A theoretical distribution 
(Figure 4.1) was calculated based on a random 
distribution of visits. This was generated by allocating 
the actual number of visits made by each bird randomly 
across six 'feeders', ranking these and calculating the 
mean visit rate for each feeder as above. This process 
was repeated 100 times and the results averaged in order 
to calculate theoretical mean visit rates and relative 
deviations. 
The distribution of the collected data suggests that 
individuals have marked feeder preferences and do not 
visit each feeder equally. The small number of visits 
involved for some birds biases the result (makes the 
curve steeper) simply because a bird seen less than six 
times cannot have been seen to visit all feeders. 
However, as the theoretical curve has been calculated to 
include the same bias a comparison of the two is 
possible. The distributions of the collected data and 
generated (expected) data (Figure 4.1) suggest that in 
the study population Blue Pits did not visit feeders 
randomly; they appear to visit one feeder (not the same 
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one for all individuals) more than would be expected and 
the other feeders less than expected. This suggests the 
existence of a feeder preference. 
The influence of nest sites. 
To investigate the spatial relationship between feeder 
preference and the nest site at which a bird had either 
bred (1990 or 1991) or had %-cEc'ied:., the mean number of 
visits to each feeder per observation session for each 
bird was ranked according to the proximity of that feeder 
to the bird's nest site. 
Figure 4.2 shows the distribution of mean visit rates in 
relation to previous breeding site (1990) and subsequent 
breeding site (1991). The expected distribution (for a 
null hypothesis of no relationship between distance to 
feeder and feeder preference) is a horizontal line. Blue 
Tits showed a preference for some feeders over others, 
visiting significantly more often those feeders closest 
to a nest site with which they had had or were 
subsequently to have a breeding attachment (Friedman two-
way analysis of variance: 1990 breeders, d.f. 5, 
p<0.0001; 1991 breeders, d.f.= 5, p=0.002). If the 11 
birds contributing to both curves are excluded the 
distributions of the data do not change. 
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Figure 4.3 shows the distribution of mean visit rates by 
birds hatched in the study area in 1990 divided according 
to whether or not they bred in 1991 and ranked according 
to the proximity of the feeder to their natal nest. The 
data show no relationship between natal site and 
subsequent feeder use. (Friedman two-way analysis of 
variance: breeders, d.f. = 5, p = 0.535; non-breeders, 
d.f. = 5, p = 0.33), nor does there appear to be any 
difference in the behaviour of those birds which went on 
to breed when compared to those which did not. However, 
as with adults, birds in their first winter more often 
used those feeders which were closest to the area in 
which they eventually bred than those further away 
(Figure 4.4) (Friedman two-way analysis of variance, df. 
= 5, p = 0.01). 
4.4 Discussion 
The Ormiston Blue Tit breeding population is a dynamic 
one, the majority of birds breeding only once. This is 
not surprising given that up to 70% of adult birds die 
each year (Snow 1956). Those birds which did breed in 
more than one season show a degree of site familiarity, 
using the same site, or sites close together, in 
different seasons. 
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Hinde (1952) described the winter movements of the Blue 
Tit as being similar to those of the Great Pit. Birds are 
part of a flock which ranges over several (spring) 
territories, each bird spending more of its time closer 
to its own territory than in other parts of the group 
range. Citing the work of Lebeurier and Rapine (1941), 
and Promptove and Lukina (1937), he concluded that the 
distances covered by birds during winter movements are 
related directly to the availability of food. Dhondt 
(pers comm) has observed that artificially provisioned 
and natural populations of Blue Pits differ in their 
winter flock ranging behaviour: artificially provided 
abundant food causes birds to range less far from their 
territory centre. The implications of the use of feeders 
in this study will be discussed in chapter 7. 
Blue Pits from the studied subset of the population 
visited particular feeders more than others. From this we 
conclude that they may spend a greater proportion of 
their time in the vicinity of preferred feeders than at 
less preferred sites. Further it has been shown that a 
relationship exists between preferred feeding site and 
the proximity of that site to either a previous or 
subsequent breeding territory. These results reinforce 
the suggestions of Kenrick (1940), Colguhoun (1942), and 
Hinde (1952), that during winter a proportion of a Blue 
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Tit population is resident in an area close to their 
breeding territory. 
The basic aim of this chapter was to collect data about 
the patterns use of the study area by Blue Tits which 
could be used to address questions about the winter 
social behaviour of this species (see chapters 5,6 and 
7). This was achieved. In addition it was demonstrated 
that Blue Tits from a subset of the Ormiston population 
may be considered as being resident in a particular area 
of the study site during the winter months. 
U 
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Table 4.1 
Total Male Female Unsexed 
1990 breeder 19 13 6 	- 
1991 breeder 15 9 6 	- 
breeders in both 1990 and 1991 11 7 4 	- 
1990 pullus 35 2 3 	30 
1990 pullus & 1991 breeder 5 2 3 	- 
The status of the 53 birds included in the analyses 
contributing to chapter 4.3. 














'1 	2 3 4 5 	6 
feeder rank (high to low) 
Figure 4.1. Feeder preference. High feeder rank denotes a 
high mean visit rate. Solid line = the actual 
distribution of mean visit rates, broken line = the 
theoretical distribution. See text for explanation of 
relative deviation and calculation of theoretical 
distribution. 
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1 	2 	3 	4 	5 	6 
feeder rank (high to low) 
Figure 4.2a. The relationship between 1990 breeding site 
and feeder preference (N = 19). High feeder rank 
indicates that the feeder was closer to the nest site. 
The horizontal line describes the expected distribution, 


















Z 	15 	4 	b 	b 
feeder rank (high to low) 
Figure 4.2b. The relationship between 1991 breeding site 
and feeder preference (N = 15). High feeder rank 
indicates that the feeder was closer to the nest site. 
The horizontal line describes the expected distribution, 
vertical lines describe standard errors. 
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1 	2 	3 	4 	5 	6 
feeder rank (high to low) 
Figure 4.3a. The relationship between feeder preference 
and 1990 natal site. The data are presented were 
collected from birds which were also breeders in 1991 (N 
= 5). Feeders were ranked by proximity to natal site, the 
highest ranked feeder being nearest. The horizontal line 
describes the expected distribution, vertical lines 






















1 	2 	3 	4 	5 	6 
feeder rank (high to low) 
Figure 4.3b. The relationship between feeder preference 
and 1990 natal site. The data are presented were 
collected from birds which were not breeders in 1991 (N = 
30). Feeders were ranked by proximity to natal site, the 
highest ranked feeder being nearest. The horizontal line 
describes the expected distribution, vertical lines 
describe standard errors. 














1 	2 	3 	4 	5 	6 
feeder rank (high to low) 
Figure 4.4. The relationship, for birds hatched in 1990 
(N = 5, the same birds as in figure 4.3a) between 1991 
nest site and 1990/91 winter feeder preference. High 
feeder rank denotes proximity to nest site. Vertical 
lines describe standard errors, horizontal lines describe 
expected distributions. 
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Animal specific attributes as correlates/de  ­-4 —ts of 
When two Blue Tits meet at a winter food source or at a 
preferred winter perch, several possible scenarios could 
unfold: The two birds may amicably share the resource, 
hardly appearing to be aware of one another. 
Alternatively they may be obviously aware of one another, 
perhaps even interacting, but ultimately share the 
resource. Finally, they may interact with the result that 
one flees and the other gains/retains the contested 
resource. The first scenario should probably not be 
thought of as an interaction. The second scenario is an 
interaction, in this case probably an agonistic one, but 
it is unresolved in that no clear winner or loser can be 
identified. The third scenario is an example of a 
resolved agonistic interaction and as such provides 
information about the social relationship which exists 
between the two birds. 
If two interacting birds (a dyad) are seen to interact 
frequently, the dominance-subordination relationship 
between the individuals can be described. Unfortunately 
in studies of social dominance it is common to observe 
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many dyads relatively infrequently, often a single 
observation is the sum data available. This is 
particularly a problem when working on interactions 
between many individuals in a population, as in this 
study, rather than between individuals that live in 
discrete social groups. Single observations need not be 
excluded from analyses, if it can be demonstrated that 
the dominance asymmetry (winning/losing) observed in a 
single interaction is a good predictor of the 'true' 
dominance relationship (i.e. the one which would be found 
if more observations were made over a longer time 
period). Wilson (1989) demonstrated this in the Great 
Tit, and Baker (1992) has shown that the dominance 
relationships of Blue Tits remain constant throughout a 
winter season. The equivalence between the dominance 
asymmetry seen in single interactions between Blue Pits 
and 'true' dominance relationships is investigated in 
chapter 5.3.1. 
Having established that a dominance - subordination 
relationship exists, the logical question to ask is what 
characteristic of one individual confers upon it the 
ability to dominate the other (i.e. why does one 
individual win and the other lose?). Given that dominance 
asymmetries may control an individual's access to vital 
resources (mates, food, shelter) it seems unlikely that 
the mechanisms governing dominance are stochastic. 
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As outlined in chapter 1, the mechanisms involved could 
include: a) Overt fighting, (see chapter 6). b) 
'Instantaneous' assessment, the interactants deciding 
upon the outcome of the interaction by quickly assessing 
(i.e. without prolonged display) fixed physical 
attributes (sex, age, size) or the status (in terms of 
prior residence or previous encounter outcomes) of their 
opponents. c) Assessment involving display during which 
individuals signal their status in the population (e.g. 
prior resident, territory holder) or their determination 
to retain a contested resource. This chapter is concerned 
with assessment based on physical attributes and fixed 
properties of birds (e.g. territory holder), hereafter 
termed Animal Specific Attributes (ASAs). Ritualised 
agonistic behaviour and communication is discussed in 
chapter 6. The distinction between these three possible 
mechanisms of outcome control is not an easy one to make 
in the case of any one particular interaction. It is 
likely that considerable overlap exists between them and 
that this varies with factors such as how often the birds 
have met previously, the relative value of the resource 
to each contestant, etc. In general terms however such a 
classification is useful, since it does suggest 
a structure for the investigation of agonistic 
interactions. 
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In this chapter I will consider the influence of ten ASAs 
as possible correlates (determinants) of dyadic 
interaction outcome: sex, age, four measures of physical 
size (wing length, tarsus length, head plus bill length, 
weight), two, measures of plumage variability (brow 
whiteness, bib colour), and two non-physical factors (the 
distance from the site of the interaction to the nest 
used in the previous breeding season, and the distance to 
the nest used in the subsequent season). 
As part of a study of agonistic behaviour in the Great 
Tit, Wilson (1989, 1992b) carried out a review of 62 
papers investigating Animal Specific Attributes (ASA5) as 
correlates of agonistic interaction outcomes in birds. 
(An ASA is simply a fixed property (in the case of this 
thesis, fixed within a study season) of one individual 
which might vary when compared with that of another 
individual - examples would include; sex, size, territory 
'ownership' and, 'permanent' plumage features). For each 
ASA investigated he calculated the percentage of studies 
demonstrating a correlation between ASA value and 
interaction outcome of those studies which sought a 
correlation (not distinguishing the direction of the 
correlation). His findings (summarised in box 5.1) 
illustrate the relative importance of sex and experience 
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as potential interaction outcome determinants, and the 
relative unimportance of size and aggressiveness. Those 
ASAS which are considered as possible determinants of 
agonistic interaction outcome in this thesis are 
introduced below (5.1.1.1 - 5.1.1.5), investigated in 
chapter 5.3.2 and, discussed in chapter 7. 
Number of studies 
considering variable 
Size 	 30 
Age 	 30 
Sex 	 41 
Territorial status 	11 
Prior residence 	17 
Experience of 	 8 
agonistic success 
Aggressiveness 	10 









Box 5.1. Importance of physical, social and experiential 
attributes as correlates of dominance in birds. From 
Wilson (1989), reproduced with the permission of the 
author. 
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REMO  ILTU.  - - Mt 
In a review of 41 papers investigating the relationship 
between sex and the outcome of dyadic agonistic 
interactions, or the possible existence of a correlation 
between dominance rank and sex, Wilson (1989) reported a 
statistically significant relationship in 90.2% (37) of 
them. Male dominance over females, outside of the 
breeding season, has been widely reported from a number 
of species including the Canary (Shoemaker 1939), the 
Blue Tit (Colguhoun 1942, Hegner 1985, Baker 1992), the 
Black-capped Chickadee (Glase 1973), the Song Sparrow 
Zonotrichia melodia (Arcese and Smith 1985), the Great 
Tit (Wilson 1989), the Evening Grosbeak Hesperiphona 
vespertinus (Bekoff and Scott 1989), the Willow Tit 
(Ekman 1990) and the Rufous Hummingbird Archilochus 
colubris (Carpenter et. al. 1993). In the case of a 
number of these species female dominance over males has 
been reported during the breeding season (Shoemaker 1939, 
Coiquhoun 1942). Smith (1980a,b) suggests that such 
seasonally dependnt female dominance is common in the 
majority of monogamous bird species. These examples 
however are restricted to the dominance relationships 
within the bonded pair. They cannot be interpreted as a 
general dominance by females over males in the same way 
that the previously cited examples represent a general 
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dominance of males over females. Female dominance over 
males outside of the breeding season is rarely reported 
in the literature but examples do exist, the Bullfinch 
Pyrrhula pyrrhula (Hinde 1955, Nicolai 1956), the House 
Finch Carpodacus raexicanus (Thompson 1960, Brown and 
Brown 1988), the Purple Finch Carpodacus purpureus 
(Samson 1977) and Cassin's Finch Carpodacus cassinii 
(Samson 1977). 
Reviewing 30 papers investigating the relationship 
between age and dominance (measured at the dyad level or 
as hierarchical rank) Wilson (1989) reported a 
statistically significant relationship in 90% (27) of 
them. Age is considered at both the intra-cohort level 
(expressed as days from hatching), and the inter-cohort 
level (expressed as the age of the individual in calendar 
years). In both instances the general situation appears 
to be that older birds are dominant with respect to 
younger birds. I found no cited examples of younger birds 
consistently dominating older birds, although the 
dominance of young males over adults has been reported 
from the House Finch (Brown and Brown 1988) and the 
Black-headed Grosbeak Coccothraustes sp. (Hill 1989). In 
both of these cases however the situation is confused due 
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to the effect of female dominance over males and delayed 
plumage maturation in young male birds. Taking this into 
account the rule appears to be that older birds dominate 
younger birds. Cases where age is apparently unrelated to 
dominance have been reported in, for example, the Blue 
Pit (Hegner 1985). However, Baker (1992) working on the 
same species found a statistically significant 
relationship between age and hierarchical rank. 
Considering age at the intra-cohort level Rikkawa (cited 
in Arcese and Smith 1985) observed that older yearling 
Grey-breasted Silvereyes (Zosterops lateralis) dominate 
younger yearlings. This has also been reported in studies 
of, the Black-capped Chickadee (Glase 1973), the Great 
Pit (Garnett 1981), and the Song Sparrow (Arcese and 
Smith 1985). Considering age at the inter-cohort level 
older birds have been reported to dominate younger birds 
in the House Finch (Brown and Brown 1988), the Black-
headed Grosbeak (Hill 1989), the Dark-eyed Junco Junco 
hyemalis (Holberton et al 1990, Cristol et al 1990), the 
Song Sparrow (Keys and Rothstein 1991) and the Boat-
tailed Grackle Quiscalus major (Post 1992). 
The majority of studies which report an age effect do not 
adequately control for the possibility that the factor 
responsible for the observed dominance pattern may not be 
age per Se, but rather some other character (size, 
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physical fitness or, prior residence for example) 
strongly correlated with age. Some studies do at least 
recognise this problem however, and a number investigate 
it. Post (1992) urges caution when stating that older 
Grackles dominate younger ones, feeling that the greater 
experience of the older birds is actually the important 
factor. Holberton et al (1991) and Cristol et al (1991) 
have independently demonstrated the importance of age 
related plumage variation rather than age per se in the 
observed dominance patterns of Dark-eyed Juncos. The 
importance of age can not however be dismissed. Arcese 
and Smith (1985) performed experiments removing Song 
Sparrows to captivity at independence and then releasing 
them back into the wild (having aged but not gained local 
experience). They observed that experimental birds were 
as dominant as comparably aged controls and more dominant 
than later hatched controls. 
At the generation level it is easy to see why age (as a 
character in its own right or as a correlate of some 
other character) could be a determinant of dominance, 
especially in species which breed for more than one year. 
In such cases old birds have survived and in doing so 
have gained experience which possibly gives them an 
advantage over less experienced individuals. For example 
they may be better foragers or fighters. They may also 
have developed an attachment to a particular site, 
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familiarity with which may allow them to 'live' more 
efficiently and thus enhance survival. Piper and Wiley 
(1990) have shown that wintering White-throated Sparrows 
resident in an area from previous years could probably 
survive 50% longer without food (based on fat reserves) 
than subordinate newcomers. The investment in developing 
such a site attachment may simply increase their 
motivation to win. One might expect natural selection to 
favour the survival of an older bird, which has 
reproduced successfully, over that of a younger, 'un-
tried' bird (assuming that age related deterioration in 
reproductive potential has not taken place). This being 
the case, we would also expect older birds to dominate 
younger birds. 
At the intra-cohort level selection could favour the 
dominance of older birds in a similar way. Early hatched 
young are likely to be the product of dominant parents 
(because birds hatching early young must have settled 
early, a privilege of dominant birds (Sherry and Holmes 
1989)). If dominance, or at least the factor(s) 
determining dominance were heritable then selection would 
favour the dominance of these individuals. Aggressiveness 
is a heritable correlate of dominance in the domestic 
chicken (Guhi et al 1960). However, Kikkawa (1968), Moss 
et al (1982) and Francis (1984) agree that aggressiveness 
and dominance are two different aspects of interactive 
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behaviour and only weakly related. From studies of wild 
birds indirect evidence suggests the heritability of 
aggressive behaviour (Ficken et al 1978, Moss et al 
1982), but firm relationships have not been found 
(Kikkawa 1986). Despite the findings of Arcese and Smith 
(1985) it is probable that a significant proportion of 
the observed dominance by older yearlings younger 
yearlings is due simply to the 'head start' gained by 
these birds in resource and experience gathering. This 
would tend to perpetuate the dominance of early settlers 
even without a direct genetic link. 
5.1.1.3 Size as a correlate of agonistic interaction 
resolution. 
"Where the opponents are of different size, the larger is 
usually victorious and therefore dominant over the other" 
(Huntingford and Turner 1987). Being bigger (and 
therefore presumably stronger) than an opponent has 
obvious implications for the outcomes of overt fights, 
such as the pushing contests of beetles (Eberhard 1979), 
or the wrestling matches of American Bullfrogs Rana 
catesbiana (Krebs and Davies 1987). Often examples 
include cases where contest outcomes are decided through 
assessment of an honest signal which is size dependent, 
such as the roaring of Red Deer Cervus elaphus (Clutton-
Brock et al 1979). In birds however, Rohwer (1975) 
Page - 98 
considered size to be "associated with too many other 
adaptations, such as foraging strategies and climatic 
adaptations, to be a primary determinant of social 
status". 
In his review Wilson (1989) reported that physical size 
and dominance were found to be related in 53.3% (16 of 
30) of the studies he considered. This was the lowest 
association of all of the variables reviewed (see box 
5.1). Hegner (1985) found that amongst Blue Tits 
dominance was not related to size (weight) at capture, 
but was related to it at the end of a period of 
captivity. During captivity all birds of all ranks 
increased in weight and the magnitude of increase was 
related to hierarchical rank. Baker (1992) found a 
statistically significant correlation between size (wing 
length) and hierarchical rank in female Blue Tits, but 
not in males (see chapter 7). Similarly Searcy (1979) 
demonstrated a relationship between size and dominance 
status in the Red-winged Blackbird Aeglaius phoeniceus, 
longer winged individuals tended to have higher 
hierarchical positions than birds with shorter wings. 
However Eckert and Weatherhead (1987), looking at the 
same species, failed to demonstrate a relationship. 
Arcese and Smith found no relationship between dominance 
and size (weight) in the Song Sparrow (1985) or the 
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White-throated sparrow Zonotrichia albicollis (1989), as 
did Wagner and Gauthreaux (1990). 
It is not surprising that size is apparently unimportant 
(compared with age or sex) in these studies, given that 
most of them concerned species in which physical contests 
are rare (Wilson pers. comm.). However, it should be 
noted that the majority of authors who have looked for a 
relationship between size and dominance or rank did not 
adequately control for the close correlations between 
age, sex and size (Arcese and Smith 1985, Wilson 1989); 
the few which did found no relationship (e.g. Glase 1973, 
Kikkawa 1981, Davies and Lundberg 1984, Fugle et al 1984, 
Arcese and Smith 1985, Wagner and Gauthreaux 1990). 
5.1.1.4 Plumage variability as a correlate of agonistic 
interaction resolution. 
In an attempt to explain the high levels of plumage 
variability existing between individuals of some bird 
species, Rohwer (1975) proposed the status signalling 
hypothesis (SSH). This hypothesis suggests that plumage 
variability evolved as a means by which individuals may 
advertise to one another their relative fighting 
abilities. In so doing, contests between individuals may 
be settled through instantaneous assessment and overt 
fighting avoided, provided that the individuals concerned 
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have had some prior agonistic experience which they are 
able to use as a reference in 'deciding' the most likely 
outcome of the current contest were it to escalate. In 
support of the SSH Rohwer cited the example of the Harris 
Sparrow Zonotrichia querula, claiming that the amount of 
black feathering on the throat and crown is related to 
an individuals dominance status within the flock, and is 
therefore an indicator of fighting ability (Rohwer 1975, 
1977, 1978, 1982, Rohwer and Rohwer 1978, Rohwer and 
Ewald 1981, Rohwer, Ewald and Rohwer 1981,). Subsequent 
to the first publication of the SSH, status signalling 
has been claimed to exist in a number of species (see 
Whitfield 1987 and references therein), including the 
White-crowned Sparrow Zonotrichia leucophrys (Watt 
1986a,b), the Pine Siskin (Baiph and Balph 1979), the 
Dark-eyed Junco (Baiph, Baiph and Romesburg 1979, 
Ketterson 1979, Baker and Fox 1978), and the Great Tit 
(Jarvi and Baken 1984, Jarvi et al 1987a, Maynard-Smith 
and Harper 1988, and Wilson 1992a). 
The majority of criticisms of the SSH, and of the studies 
claiming to provide evidence in support of it, centre on 
the possibility that many alternative explanations for 
plumage variability exist. Examples include species 
recognition (Sibley 1957), differential predation risk 
(Baker and Parker 1979), and sexual selection (Jarvi et 
al 1987b). These alternatives are less likely to apply 
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within age-sex classes than between age-sex classes 
(Wilson 1992a) and so investigations of the SSH should be 
restricted to studies involving individuals of the same 
age-sex class (Whitfield 1987). 
Rohwer's data do not appear to support fully the 
conclusions drawn from them (Watt 1986, Whitfield 1987). 
They provide only minimal evidence for status signalling 
within age-sex classes, and more recent work (Jackson et 
al. 1988) failed to demonstrate any relationship within 
age-sex classes. However it has been demonstrated 
experimentally that signalling does occur between age 
classes (Rohwer 1985) (juveniles dyed to resemble adults 
dominate undyed juveniles). It is difficult however to 
separate age related plumage effects from age effects per 
se. 
Similarly Wilson (1992a) has shown that two empirical 
studies (Jarvi and Baken 1984, Jarvi et al 1987a) 
claiming to demonstrate status signalling in the Great 
Tit (after Rohwer's work on the Harris Sparrow perhaps 
the most cited example of status signalling) do not bear 
close scrutiny. Jarvi and Baken (1984) failed to take 
into account a correlation between breast stripe size 
(the supposed status signal) and sex. Since males 
dominate females in this species their experiments 
(exposing birds to dummies with breast stripes of varying 
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sizes) did not adequately control for the confounding 
effect of sex upon interaction outcome. Later work (Jarvi 
et al 1987a) involved only male birds and so did control 
for the sex effect. This work did show a positive 
correlation between social status and stripe size in 
small groups of captive birds. In order to test this 
correlation experimentally the narrowest-striped 
subordinate birds were injected with testosterone and had 
their breast stripes widened. Although these birds did 
rise in rank, so did the control birds and so the results 
of the experiment cannot be cited as evidence supporting 
the SSH. Maynard-Smith and Harper (1988) found that 
within age-sex classes, the wider-striped bird was 
dominant significantly more often than was the narrower-
striped bird and Wilson (1992a) found a relationship only 
from interactions involving two females. 
The SSH is not the only hypothesis which has been 
proposed in order to explain the advertisement linked 
evolution of plumage variability. Collias (1943) proposed 
the individual recognition hypothesis (IRH) which 
suggests that plumage variability is a means by which 
birds recognise one another, allowing individuals to 
avoid contests with opponents to which they were 
subordinate at an earlier meeting. The majority of 
investigations of the possible signal related evolution 
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of plumage variability have concentrated on the SSH 
rather than the IRH (Whitfield 1986, 1987). 
In the Turnstone J&renaria interpres it has been shown 
that birds are able to recognise one another on the basis 
of plumage differences (Whitfield 1986). This work 
however, was carried out during the breeding season, when 
presumably each individual was familiar with a relatively 
small number of frequently encountered, long term 
neighbours; a situation very different from that of 
wintering birds. The winter flocks of many, if not all of 
the species which have been studied as tests of the SSH 
are relatively large and fluid, thus each individual 
would be required to recognise a large number of 
interactants were the IRH to be in operation. Watt (1986) 
collected data from winter flocks of Harris Sparrows 
which support the IRH, but in the same study failed to 
support the IRH in the case of the White-crowned Sparrow. 
(It is important to bear in mind that Watt's work 
involved small flocks of captive birds and so more 
closely approximated the breeding season scenario of 
Whitfield's Turnstone study (Whitfield 1986) than the 
natural winter situation of the sparrows.) As a result of 
her study Watt (1986) stressed that the IRH and the SSH 
are not mutually exclusive and suggests that some species 
(such as the Harris Sparrow) may use two different 
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aspects of plumage variability: one for individual 
recognition and one for status signalling. 
5.1.1.5 The site of the interaction as a correlate of 
agonistic interaction resolution. 
Territoriality, defined in terms of an area (of fixed and 
identifiable volume) from which conspecifics are excluded 
by overt defence or advertisement, is a form (or perhaps 
consequence) of social dominance (Kaufmann 1983). 
Territory holders usually have priority of access to 
resources within the bounds of the territory and are 
therefore expected to win agonistic interactions 
involving intruding conspecifics (Krebs 1982). In his 
review, Wilson (1989) found that prior residence and 
territorial status were correlates of interaction outcome 
in 100% (11 of 11) and 90% (16 of 17) of the studies he 
considered respectively. The term territoriality tends to 
be synonymous with breeding territory, but many of the 
studies of avian social organisation demonstrating a link 
between the site of an interaction and some measure of 
dominance take place during the non-breeding season (e.g. 
De Laet 1984, Desrochers and Hannon 1989, Wilson 1989, 
Piper 1990). For this reason the term site-related 
dominance (SRD) is a preferable one (Oberski and Wilson 
1991) (e.g. Dixon 1965, Glase 1973, Saitou 1979, Wiley 
and Wiley 1980, Roberts and Searcy 1988, Weschler 1988, 
Page - 105 
Piper and Wiley 1989,1990, Cristol, Nolan and Ketterson 
1990). In the cited studies SRD refers to a variety of 
different correlations between dominance and location. 
These have been examined by Oberski and Wilson (1991) who 
concluded that the individual examples of SRD presented 
in the studies may be divided into two broad categories 
(which are probably extremes of a continuum): those cases 
in which individual dyadic dominance relationships and/or 
social status vary continuously with location; and, those 
varying discontinuously (i.e. having an abrupt reversal 
in dominance relationship). 
The Paridae provide a useful example to illustrate these 
categories. In a review of their social organisation, 
Ekman (1989) emphasised a dichotomy between the "loose, 
basic flock system" of species such as the Blue Pit 
(Colquhoun 1942) and the Great Pit (Drent 1983, but see 
Saitou 1979), and the "discrete units and territories" 
system exemplified by most other well studied species 
(e.g. the Black-capped Chickadee (Glase 1973), and the 
Willow Tit (Hogstad 1988)). In the former system flocks 
may intermingle and space is divided into undefended, 
overlapping home ranges rather than discrete territories 
and SRD takes the form of gradual shifts in dominance 
favouring the individual nearest to the centre of its 
home range (Ekinan 1989). In the latter system there are 
usually small flocks with very stable membership. The 
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ranges of neighbouring flocks are discrete and 
'boundaries' may be defended by either the dominant male 
(Hartz].er 1970) or the flock (Glase 1973). 
The resources around which the area of SRD is centred are 
usually locations of long term interest such as nest 
(Brown 1963) or roost (Drent 1983) sites, although in 
some cases dominance declines with distance from the 
centre of the activity range even though that range may 
not be centred on any specific location (Piper and Wiley 
1989). 
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52 Methods. 
During the winters of 1989/90 (15 November - 28 March), 
1990/91 (20 November - 26 February), and 1991/92 (5 
November - 16 December) the interactions of dyads of Blue 
Tits in the walled garden were observed from the 
permanent hide (see chapter 2). The majority of 
observation sessions started during the first hour after 
sunrise, the remainder after two hours, and each lasted 
for three hours. Observations were not made on days of 
heavy rain, mist/fog, or very strong wind. On such days 
birds were scarce and identification was hampered by poor 
visibility. Data were collected on thirty two days during 
the first winter, on forty during the second, and on 
sixteen during the third. (The third field season was cut 
short to concentrate on analysis and to carry out an 
experiment which is described in chapter 7.) 
Data were collected only from interactions involving a 
supplant over food or perch space in the feeding area (no 
distinction being made between the two). Supplants were 
defined as interactions involving two colour ringed Blue 
Tits (the dyad), which resulted in a clear interaction 
winner (the dominant) and a loser (the subordinate). The 
typical sequence of events observed was: One bird (A) was 
feeding or perching alone, a second bird (B) invaded the 
individual space of (A). causing it to flee, the result 
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being that (B) gained access to the resource (food or 
space) which had been in the possession of (A). 
During each observation session the garden (feeders and 
vegetation) was scanned continuously and the winner and 
Joser of all observed supplants recorded. This form of 
ad lib sampling has the problem that there will be a 
tendency to bias data collection towards particularly 
conspicuous events, or events in more easily seen 
locations (Martin and Bateson 1992). However, ad lib 
sampling does maximise data collection and it was felt 
that this outweighed the potential bias problem. During 
the observation sessions data contributing to chapter 6 
were collected on video tape. Any supplants thus 
recorded, but not observed happening 'live', were added 
to the data set prior to analysis. 
These data are used to investigate the constancy of the 
dominance-subordination relationship between known 
individuals within a winter in order to establish the 
link between the dominance asymmetry in a single 
encounter and the 'true' dominance - subordination 
relationship (see chapters 5.1 and 5.3.1). 
The data are also used to investigate the role of ASAs as 
determinants/correlates of dyadic interaction outcomes 
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(chapter 5.3.2). There are two possible methods which are 
suitable for this type of analysis: 
A The dyadic approach 
The ASA values of dominant and subordinate birds in dyads 
are compared, to discover whether being dominant is 
related to specific factors such as sex or body size. For 
example are the bigger members of dyads dominant more 
often than they are subordinate? 
The data can be considered at the population level. In 
this case interactants are arranged into a hierarchy of 
dominance and ASA values correlated with hierarchical 
dominance rank. For example are body size and rank 
positively correlated? 
The dyadic approach is likely to be more powerful than 
the population approach because it considers the actual 
differences existing between interactants. By using rank 
position and considering data at the population level, 
the investigation is taken one step away from the dyad 
level and must therefore become slightly abstract because 
the actual interaction is no longer the unit of study. 
Analysis at the dyadic level is only possible however, 
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when sample size allows and ASA data is available for 
both interactants. Analysis at the population level is 
not so severely constrained and can be applied in a wider 
range of situations. 
5.3 Results 
The number of interactions and dyads observed are given 
in table 5.1. Analyses at the dyadic level are based on 
smaller data sets than these because, for a dyad to be 
included biometric data collected during the season in 
which the interaction took place had to be available for 
both birds (see chapter 5.3.2). During the second and 
third winters especially such data were not available for 
a number of individuals and therefore dyads. The option 
of developing correction factors was considered (e.g. 
calculating the average differences in wing length 
between first winter and adult males and using this to 
correct the wing length of birds measured as first years 
but not as adults). However, it was decided not to do 
this for the following reasons. Firstly the samples of 
birds of known sex and age which were caught as both 
first years and adults were considered too small to be 
used to produce reliable correction factors, and 
secondly, the differences between the contesting birds 
were often very small whilst the error introduced into 
the comparisons through the use of correction factors 
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would be potentially relatively large. Thus there was a 
high chance that the use of a correction factor would 
have either exaggerated or masked differences. 
Correction factors were therefore not used. 
5.3.1 An investigation of dominance - subordination 
relationship constancy. 
Dyads were observed interacting and data (supplants) were 
collected as previously described (see chapter 5.2). 
Table 5.2 shows (for each of the three study seasons), 
the number of times individual dyads were observed (N1 ), 
the number of dyads observed N1 times (N2) and the 
dominance scores involved. Dominance scores are written 
as the number of interactions won by each of the birds in 
the dyad separated by an oblique. The number before the 
oblique is the number won by the overall dyad dominant 
and the number following the oblique, the number won by 
the overall dyad subordinate. Overall dominant and 
subordinate simply refer to the individual which won or 
lost the majority of the dyadic interactions observed. 
Dominance scores are also presented as the percentage of 
interactions won by the overall dyad dominant (i)• 
Finally the percentage of interactions the overall dyad 
dominant would be expected to win, if the outcome of each 
interaction was random with a 50% probability of winning 
for each individual, is presented (2)•  For a dyad seen 
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once the only dominance score possible is 1/0 or 100% and 
the expectation is also 100%. For a dyad seen twice, 2/0 
(100%) and 1/1 (50%) are possible and the expectation 
would be 75%, and so on (Barton pers. comm.). For the 
first two study seasons (insufficient data were collected 
during the third season (see table 5.2)) the percentage 
wins data (actual and expected) are presented in figure 
5.1 (a and b). 
In order to show that directional constancy exists within 
Blue Pit dyads, and that a dominance asymmetry in a 
single interaction is equivalent to the 'true' dominance 
relationship it is necessary to show that the probability 
of predicting the relationship from a single observation 
of the asymmetry is high. 1tui'S has been previously 
demonstrated to be the case in both the Great Pit (Wilson 
1989, Wilson and Oberski 1991) and the Blue Pit (Baker 
1992). 
From figure 5.1 (a and b) it can be seen that in all but 
one case of multiple observation the observed percentage 
of wins is higher than the expected. The probabilities of 
this occurring by chance (based on a binomial 
distribution) are p = 0.093 and p = 0.015 for the 2 
seasons respectively. Thus in the second season 
directional constancy is statistically significant but in 
the first year it is not. It should however be noted that 
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the not significant' result in the first year is due to 
a single interaction (see table 5.2). In fact 94.1% of 
first year, 94% of second year, and 100% of third year 
interactions (which involved dyads observed on more than 
one occasion) were won by the overall dyad dominant. I 
conclude from these high percentages that directional 
constancy is a feature of the dominance-subordination 
relationships of Blue Tits despite the inconclusive 
result obtained from the binomial comparison of the first 
year data. Thus dyad asymmetries in a single interaction 
can be considered to be equivalent to, and good 
predictors of, 'true' dominance relationships. The use of 
data involving single observations of dyads in the 
following analyses can therefore be justified. 
5.32 An investigation of possible correlates of dyadic 
dominance. 
5.3.2.1 Methods 
Dyads were observed interacting and data (supplants) were 
collected as previously described (see 5.2). Sex was 
determined behaviourally and by using a discriminant 
function analysis (see 3.4 and Scott 1993), and biometric 
data were collected as previously outlined (see 3.2). 
Nest sites were mapped as described in section 4.2. 
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The influence of each ASA was investigated on a dyad by 
dyad basis by comparing the ASA 'values' of the winner 
and loser. No effort was made to compare the degree of 
ASA asymmetry, absolute differences only were considered 
(i.e. was the winner male or female; older or younger; 
bigger or smaller; was its brow whiter, its bib blacker; 
was its nest closer to the interaction site?). In the 
case of each ASA the number of dyads in which the winner 
was in one category (i.e. male or female, bigger or 
smaller) was compared with the number of dyads in which 
the winner fell into the other category. This was done 
using goodness of fit G tests (incorporating Williams 
correction (Sokal and Rohif 1981)), with the null 
hypothesis that the winner of each dyadic interaction had 
a 50% probability of being in either category (tests were 
carried out only if the expected frequencies of each 
category were greater than, or equal to, five (Sokal and 
Rohif 1991)). Analyses were carried out using the pooled 
data from all seasons. When pooling care was taken to 
include each dyad only once. Individual birds may appear 
in a data set several times (i.e. in different dyads) 
bringing into question the level of independence of the 
data, but because the dyad was considered to be the unit 
of interest this was not considered to be a problem. 
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A relatively small proportion of the population were of 
known sex (see 4.2) and so the proportion of the total 
number of observed dyads including two birds of known sex 
was similarly small (though not so small as to preclude 
analysis). In order to increase sample sizes several of 
the analyses were carried out twice, first using the 
known sex birds, and then using a separate data set 
composed of dyads including two birds with a greater than 
65% probability of being either male or female (from 
discriminant analysis, see chapter 3.4 and Scott, 1993). 
Not all analyses were carried out twice because it would 
have been improper to test the effect of, for example, 
wing length using the probable sex birds because their 
sex was determined, in part, by their wing length 
(Theobald pers. comm.). Thus analyses using the probable 
sex data sets were not carried out when investigating the 
effect of wing length, tarsus length, head plus bill 
length, weight, the colour of the bib, and brow 
whiteness. Ties (i.e. cases where both members of a dyad 
had the same attribute value) were excluded from the 
analyses, (the numbers of such cases are presented in the 
legends of tables 5.3 to 5.6). 
The dyadic approach is probably a more powerful method 
than the population level (see 5.2). However insufficient 
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data were available to use it to investigate the 
relationships between the distances from the site of 
interactions to prior or subsequent nest sites (table 
5.7). These data were therefore investigated using the 
population approach. Birds were assigned dominance ranks 
(see below) and these were correlated with nest site 
ranks (see below). This method depends only upon a bird 
interacting and having a nest site, not upon two birds 
both of whom nested being involved in the same 
interaction. Smaller data sets may therefore be analysed 
than would be possible using the dyadic approach. 
However, a minimum sample size of seven is required 
before a meaningful correlation coefficient can be 
calculated (Chalmers and Parker 1989), and so analyses 
are only carried out when sample sizes are sufficient. 
Whereas it is possible to pool data, collected during 
different seasons prior to analysis at the dyadic level, 
the same can not be done prior to analysis at the 
population level. This is because the hierarchical 
positions of birds, calculated in season A are not 
related to those of birds from season B, in a meaningful 
way. It would be possible for example to have a bird of 
high rank in season A, pooled with birds from season B, 
whom it outranked by virtue of its 'numerical' position 
(its assigned rank in season A) but in reality would have 
been subordinate in season B had interactions actually 
occurred. 
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Ranking Nest sites 
Distances from the interaction site to nest sites were 
measured (from a map and ignoring differences in nest box 
height, ground contours, and vegetation type). Each nest 
site was assigned an ordinal rank on a continuous scale 
from 1 (the highest rank and closest nest site to the 
interaction site) to X (the lowest rank and farthest nest 
site from the interaction site, where X = the total 
number of nest sites). 
Assigning Dominance Ranks 
Dominance ranks (see chapter 1.1.4) were allocated to 
individuals through the calculation of dominance 
hierarchies (one per study season) based upon the 
supplants observed in the walled garden. 
The supplant data for each season were arranged as an n 
x n matrix with interaction winners forming one axis and 
their opponents (losers) forming the other, such that 
each cell represented the sum of the information 
available about the dominance relationship existing 
between them (number of observed interactions won by the 
bird on the winners axis). Due to the large size of the 
population relative to the total number of dyads observed 
to interact (see 5.3 and chapter 3) many of the cells of 
the matrix were empty. 
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As was described in chapter 1 (see 1.1.4) hierarchies may 
be linear (transitive) or non-linear (intransitive), and 
linearity tends not to be a feature of hierarchies 
involving large numbers of individuals (Chase 1982, Baker 
1992). In assigning the individuals of a population to 
positions in a hierarchy it is common to assume that the 
'ideal' is to have a linear hierarchy and then to rank 
individuals in a way which minimises intransitivities 
(i.e. best approximates linearity) (Lott 1979). A number 
of indicies which construct hierarchies in this way have 
been proposed (reviewed by Richards 1974, Clutton-Brock 
et al 1979 and Boyd and Silk 1983), including that used 
in this study; the cardinal dominance index (Boyd and 
Silk 1983). 
The cardinal dominance index is calculated taking into 
account all of the interactions of all members of the 
population simultaneously such that the rank of an 
individual depends not only upon the interactions in 
which it was involved, but also those in which each of 
its opponents were involved. In doing so the fact that 
some dominance relationships may be ambiguous is taken 
into account. An individual is considered to be the dyad 
dominant if the probability that it will dominate an 
opponent exceeds 0.5. (This is in agreement with the 
findings discussed in 5.3.1, and the assumptions made in 
analyses carried out after 5.3.1.) In this case the 
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cardinal dominance indicies were calculated using a 
FORTRAN program (provided by courtesy of Dr. J.B. Silk). 
The program calculates indicies for a population re-
iteratively, 1000 times, converging with each iteration 
towards a hierarchy which best approximates linearity. 
The only drawback with this program was that it failed to 
run if any individual lost all of the interactions in 
which it was involved. In order to overcome this problem 
two imaginary individuals, A and B were included in the 
data. All real individuals beat A once, as did B. B was 
in turn beaten by A. This manipulation did not affect the 
final hierarchy, A and B were always ranked in the bottom 
two positions on the dominance scale. 
5.3.2.2 Results 
The results of these analyses are presented in tables 5.3 
to 5.7. 
Sex was found to be an important determinant of dyadic 
interaction outcome. Males dominate females (table 5.3). 
The relationship was highly statistically significant in 
both the known sex and probable sex data sets (Gadj = 
28.37, 1 d.f., p < 0.001; and Gadj = 15.85, 1 d.f. P 
0.001 respectively). The small number of dyads in which 
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the female was dominant with respect to a male were 
examined in order to establish the existence or otherwise 
of a 'special social relationship' between the 
interactants (i.e. had they been, were they, or would 
they become mates?). No such relationship was found in 
any case. 
In view of the finding that males win interactions with 
females significantly more often than they are beaten by 
them, all subsequent analyses were carried out having 
first controlled for the sex effect. This was done by 
including in analyses only dyads containing two birds of 
the same known (or probable) sex. 
Sample size did not allow statistical investigation of 
the effect of age in the data involving dyads of the same 
known sex. Tests were possible using the data which 
included birds sexed using the discriminate function 
analysis and no relationship was apparent (table 5.4). 
Although no statistically significant effect of either 
weight, wing length, or head plus bill length is evident 
from the data (table 5.5), tarsus length does appear to 
be related to interaction outcome: (Gadj = 6.52, 1 d.f., 
p = < 0.05). In this case males with smaller ASA values 
than their male opponents are more likely to be 
interaction winners, conversely females with larger ABA 
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values than their female opponents are more likely to be 
interaction winners. (Whilst the test results are not 
statistically significant there is a similar trend in all 
of the tested ASAs presented in table 5.5.) 
Both of the plumage variables considered appear to be 
related to dyadic interaction outcome (table 5.6: male 
bib colour, Gadj = 3.81, 1 d.f., p = < 0.05; the amount 
of white feathering on the brow; male, Gadj = 4.05, 1 
d.f., p = < 0.05, female, Gadj = 764, 1 d.f., p = 
0.05). From the table it can be seen that whilst the bib 
colour of females does not appear to be related to 
interaction outcome, males with blacker (more glossy) 
bibs are more likely to win interactions against 
opponents having less-glossy, white-flecked bibs than 
vice versa. In the case of both male-male and female-
female dyads, the bird with the greater amount of white 
feathering on its brow is significantly more likely to 
win than is its less white opponent. 
Table 5.7 shows that the data collected in order to 
investigate the importance of the site of an interaction 
in determining interaction outcome, was sufficient only 
to allow analyses concerning the influence of the 
distance interactants were from the site at which they 
would breed during the following season. This distance 
Page - 122 
was found to be related to interaction outcome for males 
(Gadj = 7.5, 1 d.f., p = < 0.01), but not for females. 
ig 	 • 
The results of these analyses are presented in table 5.8 
and in figure 5.2. The dominance rank of male birds 
(sexed behaviourally) was found to correlate 
significantly with the ranked distance of the nest site 
used in the subsequent breeding season from the 
interaction site (n = 15, r = 0.47, p = 0.037) during the 
first season. The same strong relationship was evident in 
the data from the second season although the data set was 
too small to allow analysis (Chalmers and Parker 1989). 
Insufficient data were available from the third season. 
Female rank was not significantly correlated with 
distance from interaction site to subsequent nest site, 
and no trends to suggest a relationship were apparent. 
Sample sizes were insufficient for an investigation of 
the relationship between the distance from the 
interaction site to the nest site used in the previous 
breeding season and dominance rank in either sex. 
The findings of this chapter, and the implications they 
have for increasing understanding of the mechanism of 
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resolution of dyadic agonistic contests in the Blue Tit, 
will be discussed in chapter 7. However, they may be 
summarised as follows: 
Blue Pit dominance subordination relationships show a 
high degree of directional constancy. Dominance 
asymmetries in single interactions are equivalent to 
'true' dominance relationships. One consequence of this 
is that the dominance relationships between pairs of 
individuals should not change during the course of a 
season. This has been demonstrated by Baker (1992) for 
Blue Tits, and by Wilson (1989) and Oberski and Wilson 
(1991) for Great Tits. 
At the level of the dyadic interaction males are dominant 
with respect to females. This finding agrees with that 
made by the authors of 90% of the studies reviewed by 
Wilson (1989) and with Baker's (1992) findings concerning 
the Blue Tit. 
Within a sex, age is unrelated to dominance but body size 
is. The relationship between size and interaction outcome 
is a statistically significant one only when size is 
measured as tarsus length. However, when measured as wing 
length, weight, and head plus bill length, the non 
significant trends in the data are the same: smaller 
males are dominant with respect to larger males and 
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larger females are dominant with respect to smaller 
females. The difference in the direction of the 
relationship for the two sexes will be discussed in 
chapter 7, as will the possible consequences of the fact 
that there were relatively large numbers of ties involved 
in the data. 
Males with a blacker bib are dominant with respect to 
males with a less black bib. In both sexes birds with 
more white feathers on their brows are dominant with 
respect to less white birds in same sex dyads. Thus Blue 
Tits may exhibit status signalling. However, there were 
large numbers of ties in the data and so plumage 
asymmetries alone cannot be a sufficient explanation for 
dominance asymmetries. This will be discussed further in 
chapter 7. 
Male Blue Tits show a tendancy to exhibit site related 
dominance such that those birds with nest sites (during 
the subsequent breeding season) closer to the winter 
interaction site tend to be dominant with respect to 
other males. 
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Year 	Number of Interactions 	Number of Dyads 
1 	 363 	 280 
2 359 245 
3 	 69 	 63 
The numbers of observed interactions involving two colour 
ringed Blue Tits and the number of different dyads 
involved in them. 
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Table 5.2 
Year 	N1 	N2 	Scores 	1 
1 230 1/0 100 100 
2 30 2/0 89.47 75 
2 8 1/1 
3 2 2/1 66.66 75 
4 7 4/0 100 68.75 
5 1 5/0 100 68.75 
6 1 6/0 100 65.62 
12 1 12/0 100 61.27 
2 	1 194 1/0 100 100 
2 21 2/0 85.0 75 
2 9 1/1 
3 10 3/0 100 75 
4 5 4/0 100 68.75 
5 3 5/0 100 68.75 
7 1 7/0 85.71 65.62 
7 1 5/2 
20 1 20/0 100 58.8 
3 	1 	58 	1/0 	100 	100 
2 5 2/0 100 75 
An investigation of directional constancy in the dyadic 
dominance relationships of Blue Pits. N1 = the number of 
times dyads were recorded interacting at the walled 
garden site. N2 = the number of dyads observed N1 times. 
Scores = the number of interactions won by each member of 
the dyad (see text). i = the percentage of interactions 
won by the dyad dominant, 2 = the percentage of 
interactions the dyad dominant would be expected to win 
if each member of a dyad had a 50% chance of winning each 
interaction. 
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Table 5.3 
ASA 	 Interaction outcome N 	Gadj 	Sig. 
Actual sex 	male winner 	 38 	28.37 *** 
female winner 5 
Probable sex male winner 	 42 	15.85 *** 
female winner 13 
***=p<O.0Ol 
The influence of sex upon dyadic interaction outcome. 
Dyads involving a known male and known female (actual 
sex), or birds with a probability of greater than 0.65 of 
being male and female (probable sex), are considered. 
Data from three collection seasons are pooled, and each 
dyad is included only once. One 'known sex' dyad observed 
in two seasons is included in the analysis only once. 
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Table 5.4 
ASA 	 Sex of Interaction 	N Gadj 	Sig. 
dyad 	outcome 
Age Actual 	male 	older winner 	0 
sex younger winner 4 
female older winner 	7 
younger winner 0 
Probable 	male 	older winner 	7 
sex 	 younger winner 7 
female older winner 	4 2.56 N.S. 
younger winner 10 
N.S. = Not significant 
The influence of age upon dyadic interaction outcome. 
Dyads involving 2 known males or known females (actual 
sex), or birds with a probability of greater than 0.65 of 
being male and female (probable sex), are considered. 
Data from three collection seasons are pooled, and each 
dyad is included only once. 
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Table 5.5. 
ASA 	 Sex of Interaction 	N Gadj 	Sig. 
dyad 	outcome 
Wing length 	male 	longer winner 	6 2.47 N. S. 
shorter winner 13 
female longer winner 	8 
	
1.29 N. S. 
shorter winner 4 
Tarsus length 	male 	longer winner 	3 6.52 * 
shorter winner 13 
female longer winner 13 6.52 * 
shorter winner 3 
Weight 	 male 	heavier winner 6 1.98 N.S. 
lighter winner 12 
female heavier winner 8 0.28 N.S. 
lighter winner 6 
Head plus 	male 	longer winner 6 0.97 N.S. 
bill length shorter winner 10 
female longer winner 10 1.64 N.S. 
shorter winner 5 
* = p < 0.05 
N.S. = Not Significant 
The influence of size upon dyadic interaction outcome. 
Dyads involving 2 known males or 2 known females (actual 
sex) are considered. Data from three collection seasons 
are pooled, and each dyad is included only once. A dyad 
which appeared in the wing length data, in two seasons 
and in a different category in each case is omitted. 3 
dyads which appeared in the tarsus length data in two 
seasons (in the same categories each time) are each 
included once, as are 2 dyads in the weight data and 1 in 
the head plus bill length data. The following numbers of 
dyads tied (the birds involved had the same ASA value) 
and are excluded from the analyses: Wing length, 17 in 
year one and 8 in year two; tarsus length, 7 and 2; 
weight, 1 and 6; and, head plus bill length, 10 and 6. 
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Table 5.6. 
ASA 	 Sex of Interaction 	N Gadj 	Sig. 
dyad 	outcome 
Bib colour 	male 	whiter winner 	3 3.81 * 
blacker winner 10 
female whiter winner 	5 0.08 N.S. 
blacker winner 6 
Amount of 	male 	whiter winner 	12 4.05 * 
white on less white winner 4 
brow 
female whiter winner 	12 7.64 ** 
less white winner 2 
* = p < 0.05 
** = p < 0.01 
N.S. = Not Significant 
The influence of plumage upon dyadic interaction outcome. 
Dyads involving 2 known males or 2 known females (actual 
sex) are considered. Data from three collection seasons 
are pooled, and each dyad is included only once. A dyad 
appearing in the bib colour data in two seasons, and in a 
different category in each, is omitted. 2 dyads appearing 
twice (in the same category) in the brow whiteness data 
are included once. The following ties (birds having the 
same ASA value) are excluded: Bib colour, 40 in year one 
and 35 in year two; and, brow whiteness, 24 and 14. 
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Table 5.7. 
ASA 	 Sex of Interaction 	N Gadj Sig. 
dyad 	outcome 
Distance 	Actual male closer winner 3 
to prior sex farther winner 0 
nest site 
female closer winner 0 
farther winner 0 
Probable male closer winner 1 
sex farther winner 1 
female closer winner 0 
farther winner 0 
Distance Actual 	male closer winner 14 	7.5 	** 
to sex farther winner 3 
subsequent 
nest site female closer winner 5 	0.08 N.S. 
farther winner 6 
Probable male closer winner 4 
sex farther winrt- 1 
female closer winner 1 
farther winner 0 
** = p < 0.01 
N.S. = Not Significant 
The influence of the distance between the site of the 
interaction and the nest site upon dyadic interaction 
outcome. Dyads involving a known male and known female 
(actual sex), or birds with a probability of greater than 
0.65 of being male and female (probable sex), are 
considered. Data from the collection seasons are pooled, 
and each dyad is included only once. 
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Table 5.8 
Year 	ASA 	 Sex N r5 p S. 
1 	Subsequent nest distance 	M 15 0.47 0.037 * 
F 12 0.27 0.196 NS 
2 	Subsequent nest distance M 	6 
	
F 5 
3 	Subsequent nest distance H 	3 
F 4 
2 	Prior nest distance 	M 	3 
F 2 
3 	Prior nest distance 	M 	6 
F 4 
N.S. = Not Significant 
* =p<0.05 
Spearman rank correlation coefficients (r 5 ) for distances 
from interaction site to prior or subsequent nest sites 
and individual dominance rank of birds of known sex. p = 
probability and S = statistical significance. 
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Figure 5. la. Comparisons 
interactions won by the 
(solid line and dotted 
percentage expected if 
probability of winning 
Data collected during the 
of the observed percentage of 
relationship overall dominant 
extrapolation of it) and the 
an individual has a 50% 
any interaction (broken line). 
first season (winter 1989-90). 
















50I 	u i  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
No. of observations of dyad 
Figure 5. 1b. Comparisons of the observed percentage of 
interactions won by the relationship overall dominant 
(solid line and dotted extrapolation of it) and the 
percentage expected if an individual has a 50% 
probability of winning any interaction (broken line). 
Data collected during the second season (winter 1990-91). 
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Chapter 6 
The possible use of agonistic signals as determinants of 
interaction outcomes. 
M---W4RR7;RMWWV "I 
6.1.1 Communication and agonistic interaction resolution. 
From chapter 5 it is apparent that asymmetries in a range 
of animal specific attributes may be related to dyadic 
agonistic interaction outcome in the Blue Tit. However, 
as was suggested in chapter 1, it is also possible that 
such interactions may be resolved through a process of 
communication involving agonistic displays. This 
possibility is the subject of the current chapter. 
From it's etymological root the term communication can be 
taken to mean the sharing of anything between A and B 
(MacKay 1972, Slater 1983). In studies of agonistic 
behaviour it is assumed to be information that is shared 
during the process of communication. Some definitions of 
the term are so broad as to suggest that all information 
sharing is communication (MacKay 1972) but generally 
ethologists focus on the premise that the information 
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being shared by the two animals must influence the 
behaviour of one of them in some way (Slater 1983, 
Enquist 1985, Dawkins 1986, Manning and Dawkins 1992). 
Marler (1967), Burghardt (1970), Cullen (1972), Dawkins 
and Krebs (1978), Dawkins (1986) and Manning and Dawkins 
(1992) all argued that this general ethological 
definition of communication is in fact too broad to be 
useful in the study of social interactions on the grounds 
that the act of information sharing under such a 
definition may occur passively. For example Marler (1967) 
asked the question, "is a mouse rustling in the 
undergrowth communicating with the owl that hunts it?" 
and similarly, Burghardt (1970) asked are foraging ants 
communicating with a snake Leptotyphiops when they leave 
the phereinone trail it follows to locate and eat them? 
The owl and the snake clearly benefit as a result of the 
passively produced information' they have about the 
whereabouts of their prey, but the mouse and ants do not. 
Thus these examples describe very one-sided situations 
and the point being made in each case is that animal 
communication, in the humanistic sense of the term, must 
be a two-sided process. Marler (1967) (cited in Slater 
(1983)) suggested that "the synergistic interplay between 
participants, both of which are committed to maximising 
the efficiency of the interchange" is an essential 
feature of animal communication. 
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Slater's (1983) criticism of Marler's statement that 
"Whilst a great many examples [of animal communication] 
do indeed fall into this category, some do not" does not 
seem to be a strong one. Slater provides as support for 
his criticism, the example of the distraction display of 
a mother bird, suggesting that somehow because the 
purpose of the act of communication is to mislead a 
predator it does not follow that the two animals involved 
are attempting to "maximise the efficiency of the 
interchange". The cited statement does not however assume 
truthfulness, and so I would contest this argument on the 
following grounds: The fact that the communicated 
information, is dishonest does not reduce in any way the 
efforts of the communicators to maximise the efficiency 
of the interchange. Surely the displaying bird is 
attempting to communicate, with maximal efficiency, the 
(false) information that it is injured and therefore easy 
pickings, and at the same time the predator is attempting 
to maximise the efficiency of its information gathering. 
The question of honesty in communication will be returned 
to in a later section of this chapter. 
In human language the term communication is usually 
associated with a voluntary transfer of information from 
one person to another - one would say that the 
communicator intended to communicate. A stronger 
definition of communication might therefore take into 
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account 	intentionality. 	In 	studies 	of 	animal 
communication however, the terms intent and intentional 
may have a number of interpretations. One may use the 
term intent in the sense of a voluntary action (voluntary 
intent) but one might also discuss evolutionary intent - 
the execution of behaviour which the individual does not 
volunteer to exhibit, but which is exhibited as a result 
of natural selection. As an example consider two forms of 
greeting in human society: An individual walking down the 
street and seeing in the distance an approaching 
acquaintance might wave a hand as an acknowledgment of 
recognition. This is a voluntary act and an example of a 
voluntary intent to communicate. At the moment of 
recognition another acknowledgment will almost certainly 
be communicated - the eye-brows of the individual will be 
raised. This is not a voluntary act, but is an example of 
evolutionary intent because for whatever reason we 
exhibit brow raising upon recognising an acquaintance. 
Intent may also be used to refer to 'what will happen', 
and in this case communication may also be voluntary or 
involuntary. As a human example (and assuming honesty) a 
driver applying his/her indicator signal is voluntarily 
communicating an intent to turn either right or left. The 
same driver, upon depressing the brake pedal, 
involuntarily communicates an intent to slow down and/or 
stop (through the signal provided by rear brake lights). 
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Thus it is possible to involuntarily communicate 
intentions. 
It would be anthropomorphic to discuss animal 
communication in terms of voluntary intent as it is 
difficult to attribute voluntary activity to animals 
(Kennedy 1992, Green and Marler 1979) since this raises 
the difficult and unresolved issue of cognitive 
awareness. In this thesis therefore, communication will 
be assumed to be involuntary. 
Marler's (1967) statement about animal communication 
(cited above) can therefore form the basis of a 
satisfactory definition of communication for use in this 
thesis as: "The exchange of information between two 
animals, both of which are committed to maximising the 
efficiency of the transfer of information (sending or 
receiving) between them". In this definition I use the 
term committed in the sense that the adaptedness of the 
behaviour of communicating is the product of natural 
selection and not in the sense of a voluntary act on the 
part of the behaving animal. To do so would be an 
unwarranted anthropomorphism (Kennedy 1992). As noted 
above this definition does not assume truthfulness. 
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The method of communication 
Animals communicate in a number of ways. Cockroaches and 
lobsters communicate through touch (Manning and Dawkins 
1992), insects, birds and mammals through vocalisation 
(e.g. Paul and Walker 1979, Wiley and Richards 1978, 
Payne and McVay 1971 respectively), and insects and 
mammals may also use pheremones (e.g. Payne et al. (1986) 
for insects, and Brown and Macdonald (1985) for mammals). 
During agonistic interactions however, the available 
evidence suggests that Blue Pits communicate visually, 
through the use of body postures (Stokes 1962a,b, linde 
1952). For this reason discussion of animal communication 
in this thesis will be largely restricted to visually 
centred systems. 
Stokes (1962a,b), in what has been described as a classic 
study of the motivation and communicative effect of 
threat displays (Caryl 1979), described nine behavioural 
body postures exhibited by Blue Tits involved in 
agonistic interactions. He correlated the performance of 
these behaviours with a bird's subsequent tendency to 
attack, or escape from, its opponent, or to stay put and 
do nothing. In doing so he was able to infer a link 
between certain elements of behaviour and subsequent 
actions. For example he demonstrated that a behaviour 
termed Crest Erect could be used (by the human observer) 
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to predict with 90% accuracy that the performer would 
subsequently flee the interaction. On the other hand, 
another termed Tail Fanned predicted an attack by the 
performer 39% of the time. In addition he showed that the 
opponents of birds performing crest erect fled on only 3% 
of occasions, attacked the performer on 21% and, 
performed an action termed Stay (doing nothing) 79% of 
the time. Whilst birds whose opponents performed Tail 
Fanned fled 51% of the time, attacked the performer 16% 
of the time and performed Stay only 33% of the time. From 
these, and similar data, Stokes (1962a,b) suggested that 
some of the behaviours he had recorded had strong signal 
value (see below). If a bird performed behavioural 
elements indicative of an escape tendency, its rival 
escaped less and stayed more. Likewise behaviours 
indicative of aggression in one bird elicited escape 
behaviour in the other. Stokes's underlying conclusion 
therefore was that through these behaviours birds were 
able to predict the probability of their opponents 
subsequent actions and therefore had the opportunity to 
react appropriately. Thus communication had taken place. 
(Although this procedure may not detect all of the 
information encoded in a signal it is suitable for 
studying the degree to which information regarding 
strategic intentions is communicated (Nelson 1984) (see 
below). This and similar work (e.g. Andersson 1976; 
Bossema and Burgler 1980; Dingle 1969; Dunham 1966) has 
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been the subject of debate by, for example Caryl (1979) 
and Van Rhijn (1980), which will be outlined below. 
Stokes (1962a,b) ascribed signal value to the behaviours 
he recorded. Signals are the units of communication. The 
term signal is a neutral one which is widely used for the 
description of the transmission of information regardless 
of whether or not the activity is goal directed, or has 
an impact on the recipient (MacKay 1972). In the context 
of animal communication signals must be effectively 
transmitted from one organism to another if they are to 
serve their purpose (Guilford and Dawkins 1991) which is 
to alter the behaviour of that other organism (Guilford 
and Dawkins 1992,1991, Enquist 1985). In this thesis the 
term display is used to describe one or more units of 
behaviour which are assumed to have signal function and 
which are performed by a single individual during a 
single act of communication. 
Tinbergen (1952) postulated that signals were not 
designed by natural selection explicitly for their 
current (signal) function, rather they have been derived 
from other activities or structures and subsequently 
changed in the course of evolution to enhance their 
signal function. For example Morris (1956) suggested that 
the gill raising behaviour of contesting Cichiasorna 
(which has signal function) is derived from gill raising 
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in order to facilitate the rapid, deep, breathing which 
is a physiological result of the adrenalin increase 
associated with increased physical activity during an 
overt fight. Selection has acted upon this behaviour and 
it has become detached from its original function to 
become a signal by which an opponent can recognise that 
the signaller is likely to fight. It is, in more simple 
human terms, a threat. In using the term threat I do not 
imply conscious intent on the part of the signaller, but 
for ease of discussion will use the term as an acceptable 
mock-anthropomorphism (Kennedy 1992). 
The process of change which occurs in the performance of 
a behaviour through evolutionary time to enhance its 
usefulness as a signal is termed ritualization (Danje 
1950, Cullen 1966). Important features of the process of 
ritualization which maximise the effectiveness of 
displays include: 1) A tendency for signals to evolve to 
be as conspicuous as possible and to include repetitive 
behaviour patterns to ensure that they are observed. ii) 
A tendency for signals having opposite c to be as 
different as is possible (Darwin's (1873) principle of 
antithesis). iii) A tendency for reduction in ambiguity 
so that signals cannot easily be misinterpreted (Cullen 
1966) (See discussion by Krebs and Davies 1993). It 
should be noted however, that not all of the behaviours 
assumed to be signals are ritualized. For example Bossema 
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and Burgier (1980) have demonstrated that monocular and 
binocular stares by European Jays Garrulus g. q1andpr 
can be used (by the human observer) to predict subsequent 
attack behaviour, and are related to stare recipient's 
tendency to flee. They may therefore be assumed to have 
signal function. These subtle signals are not ritualized 
behaviours (Caryl 1982, Van Rhijn 1980). 
It is generally assumed that signals have a communicatory 
role in agonistic behaviour (e.g. Moynihan 1955, Cullen 
1966, Smith 1977, Enquist 1985). They are considered to 
provide information to opponents about their relative 
levels of motivation to continue the contest (e.g. 
Bossema and Burgier 1980, Hinde 1981, Smith 1977); about 
their relative fighting ability; or, about other 
asymmetries in their relative resource holding potential 
(e.g. Enquist and Leimar 1983, McComb et al. 1994, Smith 
et al. 1994). The mechanism by which they may be of use 
in determining the outcome of the agonistic interaction 
is probably a simple one: by allowing the postponement of 
physical fighting they provide an opportunity for one or 
both of the contestants to gather information about their 
opponent and then withdraw, thus avoiding the potentially 
high cost of an overt fight (e.g. McComb et al. 1994, 
Robertson 1986, Rosenberg and Enguist 1991). The 
selective value of postponing attack should be greater in 
a species with more formidable weapons (and presumably 
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therefore a potentially higher cost associated with 
fighting) (Scherer 1985). We might therefore expect a 
relationship between aspects of the repertoire of 
aggressive displays in a given species and its potential 
for causing injury. Serpell (1982) has provided evidence 
to support this argument through a comparative study of 
the Lorikeet species of the genus Trichoglossus, in which 
larger heavier beaked species had up to twenty highly 
ritualized display behaviours, whilst smaller beaked 
species, with a less powerful bite, had much smaller 
repertoires and a much higher tendency to escalate beyond 
agonistic display to physical fighting. 
However, it has also been suggested that the behaviours 
termed signals may serve an alternative role as 
motivation enhancers (Bond 1989). Bond (1989) proposed 
that agonistic behaviours commonly ascribed signal 
function are essential in that they prepare an individual 
for a given type of subsequent action (e.g. agonistic 
signals and aggressive actions, or courtship signals and 
reproductive actions) and that only through the 
performance of behaviour patterns associated with low 
levels of motivation can animals 'work themselves up' to 
the higher motivational levels necessary for the 
execution of consummatory acts (fighting or mating in the 
examples proposed above). This is the theory of 
behavioural efference, one consequence of which might be 
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that signals are simply a by-product of the motivation 
generating mechanism. Hazlett (1990) provided empirical 
support for Bond's behavioural efference model (1989) 
from studies of agonistic behaviour in a species of 
hermit crab, but questions Bond's interpretation of what 
is being selected and what is a by-product. Citing Balda 
and Kamil (1989) he argued that because selection acts 
upon functions and not mechanisms, communication has been 
selected and behavioural efference is the by-product that 
helps lead to effective communication. 
What is communicated? 
Exactly what is, or should be, communicated during an 
agonistic interaction has been discussed at length by 
ethologists, empiricists, and theorists alike. This is a 
lively issue and the subject of many papers, for example; 
Andersson 1980; Bond 1989; Caryl 1979; Clutton-Brock and 
Albon 1979; Cullen 1966; Dawkins 1986; Dingle 1969; 
Englund and Olison 1990; Enquist 1985; Enquist et al. 
1990; Enquist and Leimar 1987; Hansen 1986; Hayward et 
al. 1977; Hinde 1981; Mc Comb et al. 1994; Maynard Smith 
1974, 1982, 1991; Lorenz 1966; Maynard Smith and Harper 
1988; Maynard Smith and Parker 1976; Maynard Smith and 
Price 1973; Moynihan 1955; Nelson 1984; Owens and Hartley 
1991; Richner 1993; Stokes 1962a,b; Stout 1975; Tinbergen 
1952; Van Rhijn 1980; Van Rhijn and Vodegel 1980; Waas 
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1991; Wagner 1992; Wilson 1994. The problem of what is 
communicated has been approached in several different 
ways: 
The traditional ethological. view (Caryl 1979. 1982) 
The basic assumption made by ethologists is that because 
agonistic Communication serves as an alternative to 
combat (Tinbergen 1952) it must convey sufficient 
information to allow resolution of a conflict. As Bond 
(1989) has observed, agonistic displays amongst the 
vertebrates rarely consist of a single signal performed 
in the same way in all contests, i.e. at a typical 
intensity (Morris 1957). Rather a variety of signals are 
employed (Andersson 1980), or the magnitude of several 
postural components of the display vary continuously over 
a broad range (e.g. Lorenz (1966), on dogs and geese; 
Leyhausen (1956), on cats; Brown (1964), on the Stellar 
Jay Cyanocitta stelleri; Serpell (1982), on parrots; 
Wilson (1994) on silvereyes). This has been interpreted 
by Bond (1989) (supported empirically by Serpell (1982) 
and Bond (1992)), as evidence for the behavioural 
efference model, but has been more widely explained as an 
ordered sequence of individual signals communicating 
information about differing levels of aggressive 
motivation on the part of the signaller which are 
associated with differing degrees of likelihood of attack 
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or withdrawal in the contest (Tinbergen's conflict 
hypothesis) (ILinde 1981; Lorenz 1966; Tinbergen 1959; 
Smith 1977). Put more simply, agonistic displays 
communicate to rivals fighting ability and/or strategic 
intentions (Bond 1989). 
The traditional ethologist's explanation of agonistic 
displays through Tinbergen's conflict hypothesis has been 
tested at both the causal (Blurton Jones 1968) and 
functional (e.g. Andersson 1976; Bossema and Burgier 
1980; Dingle 1969; Dunham 1966; Nelson 1984; Poole 1989; 
Stokes 1962ab; Waas 1991) levels. The data from these 
(and other) studies suggest that displays are related 
(temporally) to simultaneous presentation of stimuli 
which elicit conflicting behaviour patterns (Wilson 
1989). For example Blurton Jones (1968) was able to 
demonstrate that the entire range of agonistic displays 
recorded during observations of the Great tit, could be 
produced by presenting to the birds experimental stimuli 
which produced conflicting tendencies to attack or flee, 
or in situations where overt aggression was blocked by a 
stimulus. As has been previously described Stokes 
(1962a,b) pioneered the functional investigation of avian 
agonistic communication in his study of the British 
members of the Paridae by 
establishing a relationship between postural elements of 
displays and subsequent probabilities of attack, escape 
Page - 150 
or staying in both the signaller and the recipient of the 
signal. Subsequently similar findings were reported by, 
for example, Bossema and Burgier (1980) from a study of 
the European Jay; Dunham (1966) on the Rose Breasted 
Grosbeak Pheucticus ludovicianus, and Waas (1991) on the 
Little Blue Penguin Eudyptula minor. These data may be 
interpreted as a demonstration that agonistic displays 
may be used (by the observer) as indicators of strategic 
intent, and would therefore appear to validate the 
traditionalists' explanation of agonistic displays and 
support Tinbergen's conflict hypothesis. However, these 
studies do not show perfect prediction (i.e. perfect 
signalling of intent), which is clearly implied in the 
traditionalist argument. 
The games theory view 
More recently the traditional ethological interpretation 
of agonistic communication has been challenged by the 
application of games theory to its study. (See Maynard 
Smith 1982 and the references therein for a full account 
of the process, and Poundstone (1993) for a wider account 
and history of the technique.) Early investigations of 
agonistic communication by games theorists were based 
partly upon the "Hawks and Doves" game (Maynard Smith 
1974, 1982; Maynard Smith and Parker 1976; Maynard Smith 
and Price 1973) which simplifies a contest to a series of 
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discrete levels of agonistic behaviour with contest 
costs, usually defined as the risk of injury, increasing 
substantially at each level (Englund and Olsson 1990). 
More commonly they were based on the War of Attrito 
Model (Bishop and Canning 1978, Norman et al. 1977; 
Maynard Smith 1974, 1982; Maynard Smith and Price 1973). 
This model provides an evolutinarstable strategy (ESS) 
based upon a hypothetical agonistic contest resolved 
entirely through display. An ESS may be defined as a 
strategy that, if all members of a population adopt it, 
no 'mutant' strategy can do better (Maynard Smith and 
Parker 1976) 1 The costs involved in the contest 
increase continuously (time or energy expenditure) and 
success is determined by persistence: 
P(X) = 1/v exp (- x/v) (Caryl 1979) 
where x = the duration of the display phase and, v = the 
gain due to victory. 
This model is derived from the assumption that in a 
species capable of either ritualized or escalated (overt) 
fighting (the former being a low cost signal system, and 
the latter carrying the risk of injury to both parties), 
the ESS is for the population to adopt the ritualized 
approach but to respond to escalation with escalation. 
Thus individuals will vary their persistence (X) in 
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accordance to their perceived costs (where costs are 
measured as the duration of the contest). So an 
individual which has competed for ownership of a resource 
in a prior contest may attribute more importance to it 
than an individual who had come across the resource 
without having to 'pay' for access to it. The 
distributions of contest durations predicted by the model 
imply that disputes should not be resolved with minimum 
cost to the individuals involved. Rather the interactants 
will display until the average gain from victory is equal 
to the contest cost (Maynard Smith 1974, Bishop and 
Cannings 1978). This strategy could be realised in a 
genetic population the members of which have a constant 
probability k$t of giving up per time $t during a contest 
where k = l/v; natural selection would adjust k to the 
appropriate value. The model suggests that individuals 
should display with constant intensity independent of how 
much longer they will continue to do so (Maynard Smith 
1974). Under such a system Zahavi's handicap principle 
applies and individuals should ignore the information 
made available by an opponent unless it signals at a 
level below the population average (Zahavi 1975). 
However, in situations where the cost of displaying can 
be thought of as negligible (as is often assumed to be 
case in studies of avian agonistic communication) the 
only rational strategy is to display at a level which 
signals intent to compete ad infinitum. Clearly if this 
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strategy is universally adopted then no signal can be 
considered reliable and signalling will become redundant. 
Thus the model predicts that there is no selective 
pressure favouring truthfulness, with respect to 
strategic intentions, in agonistic displays (Maynard 
Smith 1974, 1982, 1984; Dawkins and Krebs 1978; Caryl 
1979, 1982a,b). 
In this simple form the War of Attrition model has been 
criticised by a number of authors who feel that it is too 
restricted to relate to most real contests (e.g. Caryl 
1979; Enquist et al 1985; Maynard Smith and Parker 1976; 
Norman et al. 1977), and Maynard Smith himself has made 
the specific point that it provides no explanation for 
the variety of behaviours observed in agonistic 
interactions. Traditionalists have made use of these 
criticisms in defence of the Tinbergan conflict 
hypothesis, a response summarised in part by Bond (1989): 
'graded signals do occur and are sufficiently predictive 
of the future behaviour of the displaying animal, 
provided that one correctly interprets the conditional 
and probabilistic nature of the message (linde 1981; 
Smith 1986; Barlow and Rowell 1984; Van Rhijn 1980). This 
suggests the paradox [that a variety of graded signals 
exist when games theory predicts otherwise] to be an 
artefact of games theory or the result of over looking 
additional factors, such as the occurrence of repeated 
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encounters between individuals that can remember and 
recognise one another (Van Rhijn 1980; Van Rhijn and 
Vodegel 1980)". Bond contests this argument feeling 
rather, "that games theory has merely identified the 
fundamental incoinpatability of the two tenets of 
traditional ethology viz. - that graded displays present 
valid information about the internal states of the 
displaying animals and that the display of such 
information is, in fact, the central function of the 
behaviour" (Bond 1989). 
Whether this is or is not the case, the argument of the 
traditionalists has subsequently been negated in part by 
the development of a more generalized War of Attrittion 
model (Norman et al. 1977), which better simulates real 
contests. It does this by taking into account the fact 
that real contests differ in their intensity with time 
through the introduction of a cost function q(X) which 
relates the cost of display to its duration X (Caryl 
1979): 
p(X) = (1/v)q'(x) exp (- q(X)/v) (Caryl 1979) 
where q(X) and qt(X) are the cost function and its 
differential respectively. 
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Caryl (1979) has employed both the War of Attrittion 
Model of Maynard Smith (1974) and the Generalised War of 
Attrittion Model of Norman et al (1977) in conjunction 
with a re-analysis of the empirical data of Stokes 
(1962a,b), Dunham (1966) and Andersson (1976) (which 
claimed to support the traditionalist stance) to ask the 
question: is information about the probability of 
subsequent actions an important component of the message 
conveyed by an agonistic display? His conclusion was that 
the empirical data provided little support for the 
traditional view of the function of agonistic display 
because probability of attack could not be reliably 
predicted on the basis of display. Such a criticism had 
been in part pre-empted by the traditionalists in Hinde 
(1974) who stated "when the behaviour of the signaller 
depends in part upon the behaviour of the signallee, it 
will not be precisely predictable from the signal", . 
statement which in the opinion of Caryl (1979) blunts the 
traditionalist argument and strengthens his argument 
supporting the application of games theory to the 
investigation of agonistic communication. 
Based upon conclusions drawn from the war of attrition 
model, games theorists initially found the traditional 
ethological interpretation of agonistic communication 
paradoxical for two main reasons. 
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Firstly the assumption that agonistic signals reliably 
convey information about the intentions or motivational 
state of the signaller sufficient to allow resolution of 
the contest is central to the ethologists' view (Cullen 
1966, Enquist 1985, Morris 1956, Moynihan 1955, Tinbergen 
1952 Smith 1977). However the War of Attrition model 
clearly shows that animals should not evolve displays 
which give accurate information, An argument summarized 
by Bond (1989) as follows: "one is more likely to feel 
confident of attacking an opponent who is clearly 
unprepared to reciprocate. Revealing ones probability of 
attacking or willingness to continue ought therefore to 
be avoided in these circumstances because it would allow 
the opponent to formulate effective counter measures. 
Players in the aggression game should, therefore, avoid 
communicating their 'intentions' to one another. By 
extension therefore communicating intention should also 
be avoided and motivational information should never be 
expressed in aggressive displays". 
It has been suggested by Waas (1991) that when objecting 
to the honesty problem, games theorists do not address 
the influence that social recognition might have on the 
way that animals communicate during agonistic 
interactions. By recognising individuals and remembering 
past encounters, animals may distinguish individuals that 
signal reliably from those that cheat. (Waas (1991) also 
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makes the point that, "with few exceptions (Bossema and 
Burgier 1980, Turner and Huntingford 1987) it is rarely 
made clear whether the animals used in studies of 
aggressive communication were capable of recognising one 
another"). Thus cheats may not compromise the reliability 
of a signal system to the extent one might expect based 
upon the predictions of too simple a model. Van Rhijn and 
Vodegel (1980) suggest that using aggressive displays to 
convey information on strategic interactions may be an 
ESS under these conditions. Similarly Johnstone and 
Graf en (1993) have demonstrated that, "despite the 
assertations of Zahavi (1975, 1987) that stable 
biological signals must be honest, a view supported 
theoretically (by Enquist 1985; Grafen 1990; Godfray 
1991; Maynard Smith 1991; Johnstone and Grafen 1992a,b) 
and through empirical data (Eckert and Weatherhead 1987; 
Moller 1990, 1992; Knapp and Kovack 1991; Wedekind 1992) 
signals need only be honest 'on average' and cheating can 
be part of a signal system provided that its incidence is 
low enough." This may help to explain why there is so 
much empirical support for the idea that displays convey 
information on strategic intentions (e.g. Dingle 1969; 
Hansen 1986; Nelson 1984; Waas 1991). Further, as 
Johnstone and Graf en (1993) observe, some signals may be 
more honest than others because the range of signallers 
within a population, and the strategies they adopt will 
vary. This will introduce noise into the system which may 
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require that all signals are taken 'on average', or 'with 
a pinch of salt'. This may help to explain why 
probabilistic studies (relating a signals performance to 
a subsequent action) do not produce 100% relationships 
between the signal and the action it is presumed to 
precede. 
The second paradox concerns the existence of a range of 
signals within a species. Traditionally the view of 
ethologists has been that each of the different threat 
displays exhibited by a species are adapted to one of a 
limited number of situations (e.g. Tinbergen 1959). Tk 
view could be supported in part by the data of 
Wilson (1989) who has shown that male Great Tits perform 
one set of agonistic behaviours during contests involving 
resources (food etc.), but perform a different set during 
contests related to territory. Similarly Andersn (1976) 
has shown that Skuas use different territorial threat 
displays in the presence of different types of intruder. 
The games theorists' argument has also been summarized by 
Bond (1989) as; "if the function of aggressive displays 
is to resolve a conflict over resources, and if the more 
aggressive individual will win a disproportionate share 
of such conflicts, why should it ever be adaptive to 
display a motivational level that is lower than one's 
opponent? By this argument aggressive display should 
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evolve into a single action pattern that is consistently 
produced at maximum intensity, thereby providing no 
information about differences in motivation (Maynard 
Smith 1984)". 
Andersson (1980) has developed a model to explain the 
existence of a range of agonistic displays within a 
species based upon a process of frequency dependent 
selection. The model (termed the Bluff Hypothesis) 
suggests that originally a treat display 'X' is efficient 
because it is a reliable predictor of attack, but later 
it gains increasing use as a bluff, without attack 
necessarily following its performance. Through repeated 
'testing' of the signal its unreliability will be 
'discovered' and individuals will modify their behaviour 
resulting in its loss of efficiency as a threat. Thus 
signal 'X' will no longer serve its purpose and selection 
will favour the development of a new signal 'Z' which 
will supercede 'X'. This 'arms race' between the reliable 
signal and the bluff will continue and a range of signals 
will result. Thus at any one time some signals will be in 
their ascendance on a scale of reliability, and others 
will be in descendance. Further, given that the range of 
possible postures which can form the basis of a signal is 
likely to be limited within a species body plan and 
behavioural repertoire, it is possible that a signal will 
never be 'lost'. Rather they will tend to be 'recycled' 
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and as a consequence the full range of signals in a 
species repertoire should be exhibited by a population at 
any one time. However, they will vary in both frequency 
of performance and level of reliability. 
Paton and Caryl (1986) have shown that Andersson's model 
(Andersson 1980) was not particularly effective in 
accounting for the range of non-threat postures recorded 
from a population of Skuas. However they do not comment 
upon its effectiveness as an explanation of threat 
postures. Caryl (1982) does suggest that a signaller's 
choice of behaviour might be dictated, at least in part, 
by the most likely response of its opponent. Thus instead 
of a simple communication system in which a single 
truthful signal elicits a single response, there is in 
fact no single best action. A's best choice of action 
will depend upon B's probable choice of response, which 
in turn will depend upon A's likely action given that 
response. Under such a system it is unlikely that a 
single display would suffice. Therefore, the range of 
signals observed may be partly the product of the variety 
of selective forces deriving from the psychology of the 
intended receivers of those signals (Guilford and 
Dawkins 1991). 
Enguist (1985) has also proposed models which narrow the 
apparent gap which exists between games theory and the 
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traditional ethologists' view with respect to the 
existence of multiple signals. He suggests that in 
certain circumstances, notably long interactions, 
accurate assessments of fighting ability or resource 
holding potential might be gained from varied performance 
of a single behaviour as predicted by the war of 
attrition model. An example might be the roaring contests 
of stags (Clutton-Brock and Albon 1979). However, he also 
suggests that in contests of short duration, such as 
those of the Blue tit (Stokes 1962a; pers obs), such 
information comes mainly from a priori information 
(earlier experiences etc.) and from the interactants' 
choice of behaviour. 
The aim of the present study 
The purpose of this chapter is to describe the range of 
agonistic behaviours performed by Blue Tits during dyadic 
agonistic interactions related to food. Having done so 
the level of relationship between the agonistic 
behaviours and contest resolution will be assessed. 
6.2 Data collection. 
During the winters of 1989/90 (15 November - 28 March), 
and 1990/91 (20 November - 26 February) the agonistic 
interactions of Blue Tits at a bird table in the walled 
garden were recorded, on video tape from the permanent 
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hide (see chapter 2). Recording sessions started within 
two hours of sunrise (the majority within 1 hour), and 
lasted 3 hours. Recordings were not made on days of heavy 
rain, mist/fog, or very strong wind. On such days birds 
were scarce and identification was hampered by poor 
visibility. Recording took place on 26 days during the 
first winter and on 35 days during the second. 
The bird table had a flat top (30cm x 30cm) and was 
positioned 2m above the ground, and 3m from both the hide 
and the nearest natural cover (ornamental bushes). During 
recording sessions a 15cm diameter, 1cm deep 
crystallizing dish filled with shelled peanuts embedded 
in lard was fixed to the centre of the table. To avoid 
crowding at this food source, between 3 and 5 hanging 
peanut dispensers were provided within the garden. These 
supplementary feeders were not provisioned when tit 
numbers were low. 
During recording sessions the identities 	(ring 
combinations) of as many as possible of the Blue Tits 
involved in interactions on the bird table were recorded. 
For these purposes an interaction was defined as any 
instance when there were 2 or more birds present on the 
bird table. 
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Recordings were made using a J.V.C. colour video camera 
(GX-N7E), (fitted with a Tamron 300mm telephoto lens), 
and a Panasonic (NV-180) portable video recorder. The 
quality of the recorded image did not allow on-screen 
reading of colour ring combinations and so it was 
necessary for the observer to remain in the hide during 
filming to dictate bird identities onto the video tape 
sound-track. Tapes were subsequently played for analysis 
in real time, at 1/25th of real time and, frame by frame. 
Great Tit, Coal Tit, Chaffinch, Green Finch, and 
Blackbird were all common visitors to the bird table. In 
some cases it was apparent that the presence of one or 
more birds of these species had no discernible effect 
upon the behaviour of the Blue Tits. This being the case 
data were recorded as if only Blue Pits were present. 
However, the interaction was ignored if the presence of 
members of a species other than the Blue Tit did appear 
to effect the behaviour of the Blue Tits. 
6.2.1 The behaviours considered: an ethogram. 
The following ethogram describes the various body 
postures and actions which were considered as having a 
possible signal function during the agonistic 
interactions of Blue Pits meeting at a winter food 
source. In all cases, except the action termed fight, the 
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bird which actually performed the action, or adopted the 
body posture is referred to as the subject bird, (this 
bird could be thought of as the possible signaller, or 
the actor). The bird to which the action or body posture 
is presumed (by the observer) to be directed is termed 
the object bird (which could also be thought of as the 
recipient of the presumed signal,the signalee, or the 
reactor). 
I[I!fI!I! P]1i 
No Display (ND). The posture adopted by a bird which is 
not exhibiting any of the behaviours listed below but 
which is considered to be involved in an interaction with 
another bird during which it does exhibit a behaviour 
from the list (ND can co-occur with arrive, retreat and 
feed). A bird classed as showing ND does not have any of 
the feathers of the body erect, fluffed or flattened; the 
bird is not involved in any form of movement (other than 
arriving or leaving); the wings are closed and held 
against the body, the beak is closed, and, the body is 
characteristically (but not always) held such that the 
angle made by a line from the beak, to the tail with the 
substrate is close to 45° (+ or - 5°). 
Page - 165 
Head Up (MU). The head (but not necessarily the body) is 
tilted back so that the beak points away from the feet of 
bird (at close to 900  from the substrate). 
Head Down (MD). The head is held such that the beak is 
pointed towards the substrate upon which the bird stands. 
(The substrate may be horizontal to the ground (e.g. the 
ground or a bird table), or vertical to the ground (e.g. 
a peanut dispenser or a branch).) 
Nape Erect (NE). The feathers of the nape are held erect. 
The feathers of the crown are often simultaneously 
flattened against the head. 
Crest Erect (CE). The feathers of the crown are held 
erect to form a crest. At the same time the feathers of 
the nape are flattened. The neck may also be stretched 
slightly. 
Body Erect (BE). The neck is stretched, the legs are 
extended and the body is held such that it is made as 
long as possible. The angle made by a line from the beak 
to the tail with the substrate is greater than 55°. 
Body Horizontal (BH). The body of the standing bird is 
flattened against the substrate. 
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Beak Open (BO). The beak is held open. 
Wing-flick (WF). The wings are opened and closed in one 
rapid movement. 
Wings-out (WO). The wings are held slightly open and away 
from the sides of the body. Three modifiers are 
recognised for this posture: low (WO(L)), medium (Wo(M)), 
and high (WO(H)). The modifiers describe the relative 
distance (and thus the angle) that the wings are held 
from the body. WO(L) represents a distance of a few 
millimetres, WO(H) - the wings are held close to 
horizontal and, WO(M) an intermediate. 
Tail (TA). The tail is positioned in some way other than 
that which is observed in a bird exhibiting ND. Two 
modifiers are possible; up TA(U), the closed tail is held 
'cocked' such that the angle formed between the tail and 
the body is 900 or less, and, down TA(D), the tail is 
fanned and held such that its tip touches the ground. 
Advance (AD). The subject bird moves towards the 
contested food source. In the vast majority of cases this 
would also represent a movement towards the object bird. 
Two modifiers are recognised for this action, hop AD(H) 
and flight AD(F). AD(H) - the bird hops towards the food 
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source, AD(F) - it flies (a distance of more than that 
which can be hopped) towards the food source. 
Retreat (RE). The subject bird moves away from the 
contested food source. (In the majority of cases this 
would also represent a movement away from the object 
bird.) 
Arrive (AR). The arrival of a bird at the food source. 
Leave (LE). The departure of a bird from the food source. 
Supplant (SU). The subject bird invades the individual 
space of the object bird with the result that the object 
moves away from its original location. Two modifiers are 
recognised for this action, hop SU(H) and flight SU(F). 
SU(H) - the supplanting bird hops towards the supplantee, 
STJ(F) - the supplanting bird flies toward the supplantee. 
Peck (PE). The object bird is pecked by the subject bird. 
Fight (Fl). The object and subject are involved in a 
physical fight. This characteristically involves the two 
birds grappling with their feet and pecking one another. 
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Feed (FE). The subject bird feeds upon the contested food 
source (the peanuts or the fat in which they are 
embedded). 
The terminology used to describe the behaviour listed 
above is my own, but the descriptions should allow 
comparison with those of other authors who describe Blue 
Tit agonistic behaviours. CE, NE, BH, and BO are 
analagous to postures of the same name described by 
Stokes (1962a,b), TA(D) and WO equate to his Tail fanned 
and Wings up respectively. 
6.3 The interactions recorded. 
6.3.1 Methods. 
By repeatedly playing the video tape of each interaction 
it was possible to record a sequence of behaviours for 
the birds involved. In so doing interactions may be 
thought of as a series of statements - each representing 
one, or a group of the behaviours described in the 
ethograin above, performed by a subject bird and directed 
towards none, one or more object birds (see examples in 
box 6.1). Example one is a relatively simple five 
statement interaction in which bird A (the initial 
resource holder at the beginning of the interaction) is 
supplanted (and simultaneously pecked) by bird B, which 
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would be initially described as the challenger and, after 
the resolution of the contest, as the winner or the 
dominant (see chapter 1.3). The second example in box 6.1 
is more complex in that it is longer (10 statements) and 
includes a greater variety of the behaviours described 
in the ethograin. In this case the challenger leaves 
before the initial resource holder and so would be 
described as the loser or subordinate, whilst the initial 
resource holder would be described as the winner. 
These data were translated into a format compatible with 
the MINITAB (Ryan et al 1989) and SPSS (Norusis 1993) 
statistical packages by a programme written for this 
project by Dr. J.M. Deag (Deag in prep.). The programme 
also allowed a high level of manipulation of the data; 
for example it allowed the selective use of particular 
interactions (i.e. dyadic ones). 
The fine scale of the recording of behaviour afforded 
through the use of video tape in collecting data of this 
kind gives the present study an advantage over those of 
previous authors such as Stokes (1962a,b) or Wilson 
(1989) because it allows the investigation of subtle 
behaviours and ensures that the components of complex 
behaviours involving a number of simultaneous actions can 
be recorded accurately (a weakness recognised by Wilson 
in his own study of Great Tits (1989)). 
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Box 6.1. Interaction sequence examples 
Example interaction one, 
Statement 	bird A 	 bird B 
1 	 FE 
2 	 AR 
3 	 PE, SU(H) 
4 	 LE 
5 	 FE 
Example interaction two, 
Statement 	bird A 	 bird B 
1 	 FE 
2 	 AR, CE 
3 	 RE, WO(M), 
NE 
4 	 ND 
5 	 AD(H), WO(M), 
NE, TA(D) 
6 	 AD(H) 
7 	 SU(H) 
9 	 LE 
10 	 FE 
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6.3.2 Results: a description of the data collected. 
During the first winter a total of 664 agonistic 
interactions between Blue Tits at the food source were 
recorded on video tape. Of these 406 were dyadic, i.e. 
they involved just two birds; the remainder involving 
between 3 and 12 birds (mean ± S.E. = 2.87 ± 0.06 birds 
per interaction (when N = 664) or, 4.24 + 0.11 (when N = 
258 i.e. dyads removed)). During the second winter 595 
agonistic interactions between Blue Pits at the food 
source were recorded on video tape. Of these 500 were 
dyadic and 95 involved between 3 and 5 birds (mean ± S.E. 
= 2.19 ± 0.195 (when N = 595) and, 3.2 ± 0.05 (when N = 
95)). The numbers of animals involved in the interactions 
are described in table 6.1. The distributions of the 
interactions throughout the study winters are described 
in figure 6.1. 
Hereafter only dyadic interactions will be considered in 
this thesis. This decision has been made because the dyad 
represents the most simple unit of a social interaction 
which excludes the possibility that the interaction of 
the subject and object is influenced by a third bird. As 
such it similarly represents the most basic starting 
point of any investigation of social behaviour. It is far 
preferable to generate simple theories from simple 
systems and then to progress through increasing 
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complexity in subsequent studies than it is to begin at a 
more complex level. Further, the analyses already 
described in Chapter 6 involve dyadic interactions, by 
concentrating upon dyads in the analyses included in 
other chapters, the various components of this thesis 
will complement one another. Thus providing an in depth 
investigation of the settlement of dyadic agonistic 
interactions. 
406 dyadic interactions in the first winter and 500 in 
the second include 812 and 1000 interaction-animals 
respectively. Of these 245 and 380 were not colour ringed 
in the first and second seasons respectively. The 
remaining 567 and 620 interaction animals were colour 
ringed and therefore identifiable as individuals. 111 and 
103 different individuals were involved in the two data 
sets. The numbers of interactions identifiable birds were 
involved in are presented in figure 6.2. In both winters 
the majority of birds were involved in a few interactions 
and relatively few birds were involved in a large number 
of interactions. 
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Interaction length is measured as the number of 
statements involved in an interaction, where a statement 
is defined as: a behaviour or group of behaviours 
(described in the ethogram) performed by the subject bird 
and distinct from previously or subsequently observed 
behaviours (see box 6.1). This measurement of length was 
chosen rather than a real time measurement because 
interactions of less than 10 statements can often occur 
in less than 2 or 3 seconds (pers. obs.). To accurately 
time them was considered impracticable and unnecessary. 
The dyadic interactions recorded during the first field 
season involved between 2 and 21 statements; the mean (± 
S.E.) being 6.197 ± 0.125. Those recorded during the 
second winter also involved between 2 and 21 statements, 
the mean ± S.E. being 5.932 ± 0.107. The distributions of 
these data are presented in figure 6.3. 
347 (86%) of the 406 dyadic interactions recorded in the 
first winter and, 434 (87%) of the 500 recorded in the 
second winter had a clear winner and a clear loser. That 
is to say, at the end of 86% and 87% of the interactions 
a single bird remained at the contested food resource. 
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In order to determine whether the behaviours described in 
the ethogram in section 6.2.1 of this chapter have an 
agonistic context it is necessary to demonstrate that 
they are observed more often in situations involving 
agonistic interaction than in situations where the 
observed bird is alone and, therefore presumably not 
engaged in an interaction. My observations of Blue Tits 
suggested that these behaviours are linked to agonistic 
interactions because they are extremely rarely noted in 
any situation other than an agonistic interaction (with 
the exception of CE and the obvious exceptions of AR, LE, 
and FE). 
As data collection concentrated upon groups of two or 
more birds, information relating specifically to single 
birds was not available. However, in most cases the first 
and last statements of each interaction involve a subject 
bird but not an object bird. By comparing the data 
collected in these statements with that from statements 
including both a subject and an object in an agonistic 
situation, it should be possible to identify those 
behaviours which are more commonly recorded from subject 
birds in the presence of object birds than from subjects 
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without objects and can therefore be assumed to have an 
agonistic context. However, it must be borne in mind that 
there may be an intrinsic difference in the data 
involving a subject alone at the beginning of the 
interaction when compared with that from the end of an 
interaction, when the observed behaviour may be 
influenced greatly by the fact that the bird has recently 
interacted. Similarly it is possible that birds which are 
subjects in the first statement of the interaction may 
have already begun to interact because they have seen the 
approach of the object bird which is about to arrive at 
the bird table and, which the (human) observer has not 
yet noticed. 
In order to minimise the problem that there can only be 
one or two statements per interaction which involve a 
subject without an object whilst there could be up to 19 
involving both (see 6.3.2), the comparison of the 
frequency with which behaviours were recorded from 
subject birds with an object bird and the frequency with 
which behaviours were recorded from subject birds without 
an object bird, was made at the interaction level. 
Despite this the data are not entirely independent as the 
same subject may appear in the data several times in 
different interactions. For this reason the data do not 
lend themselves to statistical testing and the data are 
simply compared. Data from 406 interactions in the first 
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winter, and from 500 in the second were examined (i.e. 
both identifiable and unringed birds were included). In 
all cases (except FE in the first winter) behaviours were 
most commonly recorded in the presence of an object 
(Table 6.2). It would seem reasonable that (making note 
of the reservations regarding these data expressed above) 
the performance of these behaviours is in some way linked 
to agonistic interactions. They may thus be thought of as 
agonistic behaviours. Stokes (1962a,b) drew the same 
conclusion. 
A number of authors have suggested that single elements 
of behaviour may be performed together to form more 
complex (behaviourally) compound displays. For example 
Wilson (1989, 1992b) showed (using a similarity index and 
cluster analysis) that behavioural postures such as those 
previously described (Chapter 6.2.1) often co-occur, in 
the Great Pit, to such a degree that they may be thought 
of as a single compound behaviour comprising a number of 
behavioural elements (also termed a composite signal by 
Wilson 1975)). Stokes (1962a,b) demonstrated a 
correlation between several pairs of behaviours in the 
Blue Tit such that a number seem to be very highly likely 
to co-occur, whilst others never do. Dunham (1966) 
provided similar data pertaining to behaviours used 
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during agonistic interactions involving Rose-breasted 
Grosbeaks, and Piaskowski at al. (1991) described 
composite signals composed of a group of body and feather 
postures in the Black-capped chickadee. Similarly Paton 
and Caryl (1986) described the agonistic behaviours of 
the Great Skua in such a way as to imply that compound 
behaviours exist. 
It is common to look for co-occurrence between individual 
elements of behaviour recorded from a single bird during 
the course of an interaction (e.g. Stokes (1962a,b) and 
Wilson (1989, 1992b)) and not between behaviours which 
occurred together at an exact moment in time. Thus Wilson 
and Stokes looked to see if X and Y occurred in the same 
interaction not that they occurred simultaneously. This 
approach has a number of short comings. It will allow the 
apparent co-occurrence of behaviours which are; ,, , fact 
mutually exclusive at any moment in time and which should 
therefore, always produce structural zeros in matrices of 
associations or similarities (examples would be HU and 
HD, or AD and RE). Further, inflated levels of 
association will be found for behaviours which can co-
occur because they may be found separately within an 
interaction. For example HD and TA(D) occurring together 
on statement two of an interaction would be awarded the 
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same status (in terms of levels of association) as RD on 
statement two and TA(D) on statement 50 (to take an 
extreme) of the same interaction. I would argue that 
whilst the two are clearly co-occurring in the first 
instance, they most clearly are not in the second. 
Through the use of video tape it is possible to avoid 
this problem in the current study because the data can be 
accurately collected at the statement level. 
In order to investigate the co-occurrence of behaviours 
in the current study Wilson's (1989, 1992b) similarity 
index and cluster analysis technique was followed rather 
than undertaking a correlation based investigation such 
as that of Dunham (1966) or Stokes (1962a,b). 
Wilson (1989, 1992b) used the Half-Weight Index (Cairns 
and Schwager 1987; Ficken et al. 1981) to estimate the 
degree of association between performances of behavioural 
elements (at the interaction level). The index is given 
by T/0.5(n + rib ) ( where T, is the number of observations 
of behaviours a and b together, and n 4 and n, are the 
total number of observations of a and b, respectively. He 
employed this index because; "Display postures were not 
usually held for more than a few seconds, so recorded 
frequencies of co-occurrence between elements [of 
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behaviour] may be under-estimates since one or more 
elements may have been missed by an observer recording a 
brief, complex display bout, especially if compound 
displays were involved. The Half-Weight Index has minimal 
bias wherever dependence between observations of entities 
(in this case behaviour elements) reflects a bias towards 
scoring them when they occur separately." (Wilson 1992b). 
The use of video tape in this study removes this possible 
source of bias because all elements of behaviour can be 
recorded. Therefore, the Half-Weight Index is not 
appropriate. 
More appropriate is the Jaccard Index (Digby and Kempton 
1987; Wishart 1978) (also referred to as the Twice-Weight 
Index (Cairns and Schwager 1987; Wilson 1989)), which is 
given by njnb+n+nb, where n., is the number of co-
occurrences of behaviours a and b and, n a and nb are the 
number of occurrences of each independent of the other. 
Jaccard indices of association between pairs of 
behaviours recorded from statements involved in agonistic 
in agonistic interactions between Blue Tits are presented 
in table 6.3. In these tables (and the dendrograms 
derived from them: figure 6.4) data are presented such 
that modifiers for behavioural elements are ignored in 
the first instance and then taken into account in the 
second. Hence the relationship described between, for 
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example, TA and any of the other behaviours in tables 
6.3a and 6.3c (and figures 6.4a and 6.4c) refers to both 
TA(U) and TA(D) as well as any cases of TA where it was 
not possible to assign a modifier. However, in tables 
6.3b and 6.3d (and figures 6.4b and 6.4d) where both 
TA(U) and TA(D) are presented separately, cases where no 
modifier was assigned are ignored. Tables 6.3b and 6.3d 
should therefore include some redundant data in that the 
associations between behaviours which do not have 
modifiers should be included for completeness. As these 
data can be found in tables 6.3a and 6.3c they have been 
omitted. All data from dyadic interactions are included 
in these analyses, no attempt having been made to take 
into account the identities of the birds involved, or to 
make allowance for the fact that statements within an 
interaction may not be independent of one another. This 
was done because the aim of the analysis is to 
investigate the degree of co-occurrence of behaviours 
(regardless of when in an interaction, or by whom they 
are performed), with a view to establishing whether 
behaviours should be classed as separate entities or as 
parts of compound behaviours, in subsequent analyses. 
Having calculated Jaccard similarity indices for all 
possible pair-wise combinations of behavioural elements, 
the relationships between all of the behaviours were 
investigated using a cluster analysis technique provided 
1? 
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by the CLUSTAN cluster analysis package (Wishart 1978). 
The most simple form of cluster analysis, Single Link 
Cluster Analysis (SLCA), takes the pair of elements most 
closely associated (i.e. the pair with the highest 
similarity index) and then sequentially 'joins' to that 
pair the next most closely associated pair until a single 
dendrogram can be produced, which pictorially describes 
the relative associations of all of the behaviours 
involved (Morgan et al 1976). However, because of its 
simplicity SLCA is open to the problem of 'chaining'; an 
element A may be found to have an artificially high 
similarity with element C, simply because they both co-
occur with element B (Morgan et al 1976; Wilson 1989; 
Wishart 1978). For this reason the Average Link Cluster 
Analysis (ALCA) of Wishart (1978), which minimises the 
effect of chaining, was used. Dendrograms produced by 
ALCA using the data from these tables are presented in 
figures 6.4a, b, c and d. 
The Jaccard indicies of similarity, and the dendrograms 
produced from them, indicate that none of the pairs of 
behaviours considered in these analyses co-occur at a 
high level. Given that the highest level of similarity 
recorded was less than 0.6 and the majority of 
similarities are less than 0.2, I conclude that although 
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the performance of some behaviours are linked, none of 
them are associated at a level sufficient to warrant 
their consideration as a single compound display in 
subsequent analyses. 
Compound displays have been reported from the British 
members of the Paridae by Stokes (1962a) (for Blue Pits) 
and Wilson (1989, 1992b) (for Great Pits). However, as 
both of these studies were carried out at the interaction 
level rather than at the statement level (and despite 
Wilson's use of the Half-Weight index rather than the 
Jaccard index), it is likely that they would over-
estimate actual levels of co-occurrence. It is however, 
interesting to note that the dendrograms (figure 6.4b and 
6.4d together with figure 6.4a and 64c) do suggest a 
linkage between HD, NE, WO and TA(D) (note that the 
level of similarity is not the same in both winters) 
which are also the behaviours Stokes (1962a) and Wilson 
(1989, 1992b) grouped as components of their compound 
displays. Stokes (1962a) demonstrated a significant 
positive correlation between (using my terminology for 
his analagous behaviours) WO and NE, and MD and NE (but 
not TA(D) and NE), between WO and TA(D), and WO and MD, 
and between TA(D) and MD. Similarly WO and TA(D), were 
strongly linked in the Wilson's study of Great Pits 
(Wilson 1989, 1992b) (again my terminology is used to 
describe his analagous behaviours). 
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Both of these authors suggest that HD, WO, TA(D) and NE 
(alone or in compounds) are indicative of a heightened 
probability that the subject will attack the object. One 
might therefore expect them to be closely linked to SU, 
PE and Fl (obviously aggressive or 'attack' behaviours), 
and very distantly linked to CE and LE (CE being linked 
to fleeing by Stokes) which (assuming that Stokes' 
association between CE and fleeing is correct) we would 
expect to be linked. One might also expect CE to be 
linked with RE - moving away from the food (a form of 
'fleeing'). 
CE is very distantly linked to the HD/NE/WO/TA(D) cluster 
(Figures 6.4) in the data from both winters but is not 
linked with LE. RE is weakly linked to CE (but not to LE) 
and distantly linked to the HD/NE/WO/T(AD) cluster in the 
data from both winters. (Although AD (moving towards the 
food) is included in the CE/RE cluster in the second 
winter.) 
From the data however, the HD/NE/WO/TA(D) cluster is not 
closely linked to SU, PE or Fl in either winter. This 
could be due to one of two reasons: It could be that the 
behaviours PE, SU and Fl can not be performed by a 
subject bird in the same statement as HD, NE, WO or 
TA(D). However, tables 6.3 show this to be an 
insufficient explanation in the case of PE and SU, both 
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of which were recorded as occurring with other behaviours 
(PE and NE (table 6.3a), PE and TA(D), AD(H), WO(H) 
(table 6.3b), SU and AR (table 6.3a) SU(H) and AD(H) 
(table 6.3b), and SU and NE, AR (table 6.3d). In addition 
Fl was recorded from the same statement as AD(H) (table 
6.3c). Alternatively, it could be that the two groups of 
behaviours are not closely linked because they occur in 
very different contexts, despite their apparent 
similarity of function. From Stokes (1962a) it would 
appear that NE, RD, TA(D) and WO are associated with 
aggressive acts because they can be used (by a human 
observer) to predict them, i.e. they are threat displays. 
PE, SU and Fl are the aggressive acts themselves. 
Therefore if the former predict the latter, they should 
not co-occur at the statement level. They would however, 
be expected to co-occur at the interaction level. This 
possibility will be considered in chapter 6.6.1 (below). 
It has been demonstrated by Wilson (1989, 1992b) that 
agonistic behaviours per se are recorded at a higher 
frequency from male Great Pits than they are from 
females. However, when individual behaviours were 
considered it was found that whilst males did perform 
some of them more than females, a number of them were 
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recorded more frequently from females than males and some 
of them were equally likely to be recorded from either 
sex. 
Similar information is not available for the Blue Tit, 
perhaps primarily because they are sexually monomorphic 
in plumage (see chapter 3.4; and Scott 1993). For example 
in the only major references describing the use of 
agonistic behaviours by Blue Pits, Stokes (1962a,b) does 
not appear to have sexed the birds involved in his study 
and reports no investigations of the importance of the 
sex of the subject bird in relation to the repertoire of 
behaviours recorded. 
In the current study a proportion of the studied 
population were of known sex and a greater proportion 
were assigned a probable sex using the discriminant 
function described in chapter 3.4. Thus comparisons of 
the frequencies of performance of behaviours by males and 
females was possible. 
The data which have been previously presented (table 
6.2a,b) were further analysed to investigate the 
relationship between the sex of the subject bird and the 
frequency of occurrence of the behaviours performed by 
it. In order to maximise sample sizes modifiers for SU 
and AD were ignored. Thus, for example, rather than 
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consider SU, SU(H) and SU(F); SU(ALL) (the sum of the 
three parts was considered. The modifiers (L), (M), and 
(H) were taken into account for WO, but their sum WO(ALL) 
was also considered. PE and Fl, the behaviours involving 
actual physical contact were grouped to form a new unit 
AGG. 
Some subjects were recorded several times during each of 
the winter study periods (see table 6.4) and each subject 
may perform each behaviour a number of times in an 
interaction (although only once per statement of the 
interaction). The data therefore include: an amount of 
pseudo-replication which might adversely effect analysis 
(Martin and Bateson 1992). For a comparison of the males 
and females therefore, a mean behaviour performance score 
was calculated for each individual where Ni = the 
number of times subject i performed the behaviour, and Ii 
= the total number of interactions in which subject i was 
involved. 
Only sixteen and four subject birds were known to be 
male, and 15 and 4 subject birds were known to be female 
(of known sex because they had been sexed behaviourally 
(see chapter 3)) in the first and second study seasons 
respectively. One male and one female being present in 
both years. In order to increase the sample sizes 
individuals which had not been sexed behaviourally but 
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were known to have a probability of greater than 0.8 of 
being either a male or a female (determined through 
discriminate analysis as described in chapter 3.4 and 
Scott 1993) were also included in the analysis. Hereafter 
the sex of these birds will be referred to as psex; known 
males and those subjects with a probability greater than 
0.8 of being male, as pmales; and those with a 
probability of greater than 0.8 of being female together 
with known females, as pfemales. Mean behaviour scores 
were calculated separately for each of the two study 
seasons and for all subjects meeting the psex criteria. 
(In his studies Wilson (1989, 1992b) included individuals 
in analyses only if they were recorded from three or more 
interactions. It was felt that the sample sizes involved 
were too small to allow similar selective use of the data 
in the current study.) The two birds recorded during both 
of the study seasons were included in the analysis only 
once, a coin being tossed in order to decide which of 
their data (first or second season) were included. Having 
calculated the mean behaviour scores the data were 
condensed into a contingency table for each behaviour, 
and a G test with Williams correction (Sokal and Rholf 
1981) was used to compare the frequencies of pmales and 
pfeivales which had a mean performance score for a given 
behaviour of zero or more than zero. 
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The results of these analyses are presented in table 6.5, 
from which it can be seen there was no statistically 
significant difference in the frequency of performance, 
by pmales and pfemales, of fifteen of the seventeen 
behaviours considered. Differences were highlighted for 
the two behaviours AD(ALL) and AR. In the case of the 
latter the data suggest that pmales are more likely to 
arrive at the food site than are pfemales. Similarly the 
data suggest that pinales are more likely to move towards 
the food during an interaction than are pfemales. 
A weakness of the analysis is that only subject birds are 
considered, no account being taken of the identity and 
psex of their opponents. Whilst this information would 
undoubtedly have strengthened the analysis such a level 
of control was not possible because only nine 
interactions involved two birds of the same psex, and 
only eight involved a pmale and a pfemale. 
Despite the differences highlighted in the performance of 
AR and AD(ALL), and noting that only the psex of the 
subject was known whilst that of the object was not, the 
conclusion drawn from this analysis is that the 
behavioural repertoires of pmales and pfemales do not 
differ. (It is also likely that the repertoires of actual 
males and actual females do not differ.) 
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In order to investigate the possible link between the 
various agonistic behaviours and interaction resolution 
two stages of analysis were carried out. In the first 
instance (6.6.1) principal Components Analysis (PCA) was 
employed in order to explore the data and identify 
behaviours, or groups of behaviours which might be 
related in some way to their performer winning or losing 
the interaction. Having carried out these analyses the 
frequencies of performance, by winners and losers, of 
those behaviours highlighted by PCA were compared in 
order that more information could be obtained about the 
statistical importance of the links between the 
behaviours and interaction resolution (6.6.2). 
'xei.r ,iW'ITJ 
PCA is an indirect ordination method the purpose of which 
is to transform an original set of variables to a new set 
of uncorrelated variables called principal components. 
These are linear combinations of the original variables 
weighted such that the first principal component accounts 
for more of the variation in the original data than do 
the second and subsequent principal components (Chatfield 
and Collins 1980; Digby and Kempton 1987). PCA is a 
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mathematical rather than statistical technique and 
requires the user to make no assumptions about the 
probability distributions of the original variables 
(Chatfield and Collins 1980; James and McCulloch 1990). 
All of the PC analyses were carried out using the SPSS 
statistical package (Norusis 1993) and involved the use 
of the correlation matrix of the original data rather 
than the variance-covariance matrix. All of the analyses 
were unrotated. 
For each of the analyses summary statistics are presented 
in table 6.7. They include: the number of variables 
considered by the analysis; the number of cases which 
were included in the analysis; the number of principal 
components extracted by the analysis; the percentage of 
the total variance in the original variables explained by 
the extracted principal components; the Kaiser-Meyer-
01km (KMO) measure of the sampling adequacy of the 
analysis (see below); the percentage of reproduced 
correlation matrix residuals which were greater than 0.05 
in absolute value (see below); and, the percentage of the 
conunurialities of the variables which were greater than 
50% (see below). 
The KMO statistic is given by r2/(r2+p2 ), where r = the 
Pearson correlation coefficient between any two variables 
and p= the partial correlation coefficient between the 
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two after the linear effects of other variables have been 
eliminated (Wilson 1992). Summed over all pairs, this 
statistic gives a measure of sampling adequacy for the 
whole analysis. The KMO will be high (and approach 1) if 
subsets of the variables are strongly inter-related. 
Kaiser (1974), cited by Norusis (1993) characterises 1Q40 
values in the 0.90's as marvellous, those in the 0.60's 
as mediocre, and those in the 0.50's as miserable. 
The percentage of reproduced correlation matrix residuals 
which are greater than 0.05 in absolute value is also a 
measure of how reliable the analysis is (in this case in 
terms of how well the fitted model reproduces the 
observed correlations); the lower this value the more 
reliable is the analysis (Norusis 1993). 
A third measure of the adequacy of a PCA is provided by 
the communalities of the variables. These are the 
proportion of the variance of each variable that is 
accounted for by the principal components extracted by 
the . analysis. As a general rule the higher the 
communalities the better the analysis (Norusis 1993). 
The variables which were included in each of the analyses 
(and their communalities) are presented in table 6.6. 
Variables were omitted from an analysis if they were 
rare, or a large number of cases had missing values. The 
Page - 192 
variables were measured as follows: The first eighteen 
variables listed in table 6.6 (the behaviours HU the 
WO(ALL) inclusive) were measured on a continuous integer 
scale for each subject in each interaction. (i.e. 0 = 
behaviour not performed, 1 = behaviour performed once, 2 
= behaviour performed twice etc.). RES (Residence status) 
is an indicator of the subject bird's familiarity with 
and attachment to the study area. It was measured on a 
binary scale such that a score of zero indicated that a 
bird had no known attachment, as a breeding bird, with a 
nest site within the study area during the period of 
study, and a score of one indicated that the subject did 
have a breeding site within the study area during the 
period of the study. NIN (the number of the subject 
within the interaction) is an indicator of the initial 
role of the subject within the interaction. Scores of 1 
indicate that the subject was the first bird to be 
recorded and therefore had the initial role of resource 
holder, and a score of two indicates that the subject was 
the second bird recorded and had the initial role of 
challenger. WIN is an indicator of the outcome of the 
interaction and of the final roles of the subject birds. 
A score of zero being awarded to the subordinate subject, 
or the interaction loser, and a score of one being 
awarded to the dominant, or winner. A psex score of one 
was awarded to pmales, and a score of two was awarded to 
pfemales (see chapter 6.5.1 for an explanation of psex, 
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pinale and pfexnale). Initially information about the 
biometrics of the interactants, and about their relative 
distances from the interaction site to their nest sites 
was also included in the analyses. However, these data 
proved to be inadequate - there was insufficient 
information to allow analysis. This was probably due to 
the fact that during the early part of the first winter 
study season a full set of biometrics were not taken from 
all ringed birds (the procedure was under development), 
because some birds had been ringed before the study 
started, or as pulli in nests (these were not recaptured) 
and, because some birds escaped during the measuring 
process. 
The results of the various PC analyses are presented in 
tables 6.8, 6.9, and 6.12. For each analysis the 
components extracted by the PCA are presented along with 
the variables contributing most to them. A component is 
only listed if it has an eigen value of more than one (an 
arbitrary decision made in the absence of a standard 
protocol (Chatfield and Collins 1980; Norusis 1993)). 
Variables are only considered as contributing to the 
component if they have a correlation (positive or 
negative) with it of 0.4 or more. In considering the 
interpretations of. , and conclusions drawn from these 
analyses it is important to bear in mind that trends in 
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the data rather than absolute differences are being 
described. 
PCA1 involved the largest possible data set concerning 
dyadic interactions. A total of 906 dyadic interactions 
were recorded on video tape during the two winter seasons 
over which observations were made. Each of these involved 
two subject birds making a total of 1812 dyadic subjects, 
each of which was considered as a single data case in 
PCA1. 
Some individuals appear in this data set on a number of 
occasions (unmarked birds to an unknown extent) and so 
the data are clearly not independent (Martin and Bateson 
1992). However, given the exploratory nature of PCA it 
was felt that the use of this data set was justified. 
(Many of these individuals were of unknown sex and so sex 
was excluded as a variable in this analysis.) 
The summary statistics for PCA1 are presented in table 
6.7, and the variables contributing to the analysis and 
their communalities are presented in table 6.6, and the 
results of the analysis are presented in table 6.8. A KNO 
of 0.697 together with a low percentage of reproduced 
correlation matrix residuals (35%) and a high percentage 
Page - 195 
of high communalities (62%) suggest that the extracted 
principal components were good approximations of the true 
patterns of inter-relationship between the original 
values. The extracted principal components can be 
interpreted as follows: 
Component 1, the behaviours NE, HD, TA(D), BH, and 
WO(ALL) form a natural group and appear to be linked with 
AD(ALL). 
Component 2, subjects which leave first tend not to be 
winners (in fact they can not be winners due to the 
definition of a winner as a bird which does not leave), 
and tend to be the initial resource holder (i.e. tend not 
to arrive second at the interaction site). 
Component 3, subjects performing the behaviour CE tend to 
be the second bird to arrive in the interaction, they 
tend to move away from the food during the interaction 
(RE), tend to leave first and therefore tend not to win; 
Component 4, subjects which feed and. perform the 
behaviour ND tend also to move away from the food source, 
but tend not to leave the interaction. 
Component 5, subjects which feed perform the behaviour WF 
and tend not to be involved in acts of physical 
aggression. 
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Component 6, subjects which are not resident in the study 
area perform the behaviour BO. 
PCA2 used a data set derived from part of that analysed 
by PCA1. However, in PCA2 rather than include each 
observation of a dyad subject as a single case, each 
identifiable subject contributes only one case to the 
data set, thereby reducing the problem of non-independent 
data (Martin and Bateson 1992). This was achieved by 
calculating, for each subject, a mean score for each 
variable (see table 6.17). Further, only subjects meeting 
the psex criteria outlined in chapter 6.5.1 were included 
in the analysis and psex was included as a variable. This 
was done because Wilson (1992b) has demonstrated the 
existence of differences in the performance of behaviours 
which are related to the sex of the subject birds (see 
chapter 6.5). Chapter 6.5 of this thesis has shown that 
the repertoire of behaviours considered during this study 
is essentially the same for pmales and pfemales. However, 
that analysis dealt with individual behaviours and did 
not provide any information about the ways in which 
behaviours may be grouped when they are performed by the 
two psexes. It was hoped that PCA2 would go some way 
towards providing such information. A weakness with the 
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approach is that rather than say categorically that 
pmales (or pfemales) do X, Y and Z, it can only say that 
X,Y and Z tend to be performed by subjects which tend to 
be pmale rather than pfemale (or vice versa). A more 
powerful approach might have been to carry out the 
analysis twice, including each psex in only one of them. 
However, because the sample sizes for such analyses were 
small (18 pinales and 20 pfemales) it was decided that the 
data should be pooled to give a sample size of 38 and 
that psex should be included as a variable, rather than 
being used as a data separator. 
While averaging the data for PCA2 reduces the problem of 
non-independent data it does have one disadvantage which 
might reduce the clarity of the results. Imagine a 
situation where different behaviours were associated with 
winning and losing. If a bird always won or lost, the 
average score calculated for PCA2 would reasonably 
reflect its part in the interactions. However, if a bird 
both won and lost in different interactions the average 
score would reflect both roles. Hence scores for both 
behaviours associated with winning and losing would 
appear in the case for the bird. While the magnitude of 
these (and also the variables signalling winner/loser) 
would be reduced by the averaging process they might 
produce an artificial association between the behaviours 
associated with winning and losing. (PCA3 (see below) 
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goes some way towards addressing this concern.) The 
results of PCA2 must therefore be interpreted with 
caution and should not be expected to be precisely the 
same as those for PCA1. 
The summary statistics for PCA2 are presented in table 
6.7, the variables included in the analysis and their 
coinmunalities are presented in table 6.6, and the results 
of the analysis appear in table 6.9. In table 6.9 psex is 
listed as a variable in all of the extracted components 
regardless of the strength of its correlation with the 
component. A KMO statistic of 0.462 does not suggest a 
particularly high level of inter-correlation between the 
variables and indicates that many of the variables do not 
contribute significantly to the extracted principal 
components. However, the percentage of reproduced 
correlation matrix residuals is low (28%), and the 
percentage of high communalities is high (89.47%) 
suggesting that the analysis is a satisfactory one. Thus 
it appears that the extracted principal components are a 
good approximation of the true patterns of inter-
relationship between the original values. The extracted 
components can be interpreted as follows: 
Component 1, the behaviours NE, TA(D), HD, BH, BO AD(ALL) 
and WO(ALL) form a common grouping and are related to 
moving both towards, and away from, the food source. The 
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subjects involved tend to be second to arrive at the 
interaction site (challengers). 
Component 2, subjects which are losers tend to arrive 
second at the interaction site, tend not to perform the 
behaviour WO(ALL) and show a slight tendency to be pmale. 
Component 3, losers are likely to arrive second at the 
interaction site and are more likely to be pfemales than 
pmales. 
Component 4, the behaviours BH, CE, and ND form a common 
group and those subjects which perform them tend not to 
perform HD and NE, tend not to move away from the food 
source and tend not to feed. 
Component 5, subjects performing BO and WP are more 
likely to be pfeaales than pmales and tend not to be 
residents within the study area. 
Component 6, residents feed and tend not to. perform HD. 
Component 7, those subjects performing WF tend not to be 
involved in actual physical aggression and tend not to 
move away from the food source during an interaction. 
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It is not surprising that the results of PCA1 and PCA2 
are superficially similar given that the data 
contributing to PCA2 are a subset of those contributing 
to PCA1 (however, as was explained above, one would not 
expect them to replicate one another perfectly). Tables 
6.8 and 6.9 demonstrate this similarity in that PCA1-
component 1 is very similar to PCA2-component 1, PeAl-
component 2 is similar to PCAa-component 3, PCA1-
component 3 is similar to PCA2-component 2, and PCA1-
component 6 is similar to PCA2-component 5. 
In both analyses it is apparent that the behaviours NE, 
TA(D), HD, BH AD(ALL) and WO(ALL) (the NE-group) form a 
common group that is associated with a movement towards 
the food source (component 1 of both PCA1 and PCA2). This 
finding corroborates the patterns of relationship 
elucidated by the cluster analyses presented in chapter 
6.4. Those analyses suggest that although this group of 
behaviours are not sufficiently related (in timing of 
performance) to warrant their inclusion in analyses as a 
single variable, they are more closely related to each 
other than to the remainder of the variables in the data. 
From tables 6.10 and 6.11 (which show the initial levels 
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of correlation existing between selected pairs of 
variables in the data used in each analysis) it can be 
seen that the components of the NE-group are positively 
correlated with one another. 
PCA2 also associates the following with the NE-group: BO 
(due to weak initial correlations with the NE-group 
variables ( < 0.4 in all cases, table 6.11)); moving away 
from the food source (RE); being the challenger rather 
than the initial resource holder (NIN); and a tendency 
for the subject to be pmale rather than pfemale. 
The NE-group behaviours are correlated with AD(ALL) in 
PCA1 but not with RE; and, AD(ALL) and RE are not 
strongly correlated with one another in that analysis. 
However, in PCA2 RE and AD(ALL) are positively correlated 
with one another and so it would appear that subject 
birds move both towards and away from the food source 
within an interaction (a commonly observed practice, 
pers. obs.). However, as with other conclusions drawn 
from an interpretation of PCA2, the nature of the data, a 
single mean value of each variable per identifiable 
subject (derived from all of the dyads in which that 
subject played a part) should be borne in mind. This 
means that rather than being due to the subject moving 
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towards and away from the food in a single interaction, 
there is the possibility that a similar result might be 
obtained were the subject to move towards the food in 
some interactions, and away from it in others. 
AD(ALL) is also positively correlated with the behaviours 
of the NE-group (though weakly so with HD) in PCA2, 
whilst RE is correlated only with NE itself. Thus it 
would appear that the NE-group is more closely associated 
with movement towards the food source than it is with 
movement away from it. 
Being the initial resource holder or the challenger in 
the interaction does not correlate strongly with any of 
the components of the NE-group, nor does the psex of the 
subject. However, psex and NIN are correlated in PCA2 
such that there is a trend in the data for subjects 
likely to be pfeinale to be unlikely to be the initial 
resource holder. 
PCA1 component 2 suggests that subjects which are initial 
resource holders tend to be losers. However, PCA2 
suggests that the situation may not be as simple as this. 
Whilst PCA2 component 3 does suggest that subjects which 
are not initial resource holders are losers if they have 
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a tendency to be pfemale, PCA2 component 2 suggests that 
subjects with a tendency to be pmale are losers if they 
are not initial resource holders. PCA1 component 3 also 
suggests that losers are not initial resource holders and 
links performance of CE and moving away from the food 
source with these subjects. PCA2 component 4 also 
features the behaviour CE, linking it with BH and ND, but 
suggesting that subjects performing CE do not perform ND 
and NE. These subjects are unlikely to feed and are 
unlikely to move away from the food source during the 
course of the interaction. It is probable that they do 
not move away because they were not at the food source to 
do so. There is also a weak suggestion that they are more 
likely to be pfemale than pmale. 
Actual physical aggression and being/not being resident 
do not appear to be particularly important variables in 
this data set, and from table 6.11 psex does not appear 
to be strongly related to either the outcome of the 
interaction, or the performance of any of the behaviours 
under consideration. Psex is however correlated with the 
position of the subject in the interaction. It would 
appear that pmales have a tendency to be the initial 
resource holders whist those subjects tending to be 
pfemale tend also to be challengers. 
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In conclusion PCA]. and PCA2 identify groups of variables 
(behaviours, actions, interaction outcomes, and animal 
specific attributes) which are correlated (positively or 
negatively) with one another in the data set. They do not 
provide strong evidence that the psex of the subject is 
correlated with any of the variables considered (although 
a weak relationship with NIN is apparent from PCA2). Nor 
do they provide a clear picture of the possible 
relationships between any of the variables and being the 
interaction winner or loser, although there is a weak 
suggestion that the behaviours NE, HD, WO, and TA(D) are 
more likely to be performed by winners than by losers. In 
order to investigate possible relationships between 
behaviours/actions/ASAs and interaction outcomes in a 
different way, PCA3 was carried out. 
As explained below the analysis PCA3 focuses on the 
behaviour associated with the winning and losing role in 
each dyad. It also provides information about the 
relationship between the behaviours performed by each 
subject and its opponent within a dyad. For example 
whilst this and earlier analyses allowed investigation of 
the question do winners perform Y? PCA3 can be used to 
ask do winners perform Y when losers perform X? 
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The data set for PCA3 was derived from that used for PCA1 
(all of the dyadic interactions from both of the 
recording seasons). In tht data two birds were recorded 
in both seasons (see table 6.4). However, whilst in the 
previous analyses data from only one of these seasons 
were included for each of the subjects, data from both 
were included in PCA3. This was permissible because in 
this analysis the dyad and not the individual was the 
unit of interest. Therefore the fact that two individuals 
appear more than once in the data was not deemed to be a 
problem. 
In order to maintain the independence of the data set 
each dyad contributed a single case to the analysis. This 
was achieved by calculating, for each of the 489 dyads 
(table 6.7), a mean score for each variable for each of 
the roles in the interaction (i.e. for the winner and the 
loser). It should be noted that these roles do not 
necessarily equate to individual subjects. For example if 
subjects A and B were seen to interact three times, A 
winning twice (Aw+Aw) and losing once (Al) (and therefore 
B winning once (Sw) and losing twice (Bl+Bl)), the mean 
scores calculated for the winning role of the dyad would 
be (Aw+Aw+Bw)/3 and (Al+Bl+Bl)/3 for the losing role 
(see table 6.17). 
Page - 206 
The summary statistics for PCA3 are presented in table 
6.7. The variables and their communalities are presented 
in table 6.6, and the results of the analysis in table 
6.12. A large number of dyads (489) contributed to the 
analysis which had a KMO of 0. 71, a low percentage of 
reproduced correlation matrix residuals (21%) and 100% 
high coinmunalities. The analysis was therefore a 
satisfactory one and the extracted principal components 
were a good approximation of the true patterns of inter-
relationship between the original values. In order to 
avoid confusion in table 6.12, behaviours recorded from 
winning or dominant roles are prefixed as follows: (d)NE; 
and, those recorded from losing or subordinate roles are 
prefixed as (s)NE. The extracted components can be 
interpreted as follows: 
Component 1, a category of interactions exist in which 
subjects in both the winning and losing role were 
recorded as performing the behaviours NE, WO(ALL), TA(D) 
and ND. Subjects in both roles moved towards and away 
from the food source, winners tend to move towards it 
more and losers tend to move away from it more. Birds in 
the winning role feed whist those in the losing role do 
not. Subjects in the winning role tended to be the 
initial resource holder (negative score for dNIN and dAR) 
and those in the losing role tended to be the challenger 
(positive score for dNIN and dAR). 
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Component 2, a category of interactions exist in which 
subjects in the winning role that are not the initial 
resource holder perform the behaviours WO(ALL), TA(D), 
and HD. These subjects also tend to move towards the food 
source during the interaction. Their opponents (in the 
losing role) in these interactions tended to be the 
initial resource holders but performed no contest 
behaviours. 
Component 3, in interactions where subjects in the 
winning role do not perform WO(ALL) and TA(D), those in 
the losing role perform WO(ALL), NE and TA(D), but not 
CE. 
Component 4, there are interactions in which birds in 
both roles feed, neither performing any other behaviours. 
Component 5, when subjects in the winning role are 
involved in actual physical aggressive behaviour so are 
those in the losing role. 
Component 6, subjects in the winning role do not leave, 
those in the losing role do. 
Component 7, subjects in the winning role perform BH. 
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Component 8, subjects in the losing role perform CE but 
not ND. 
Component 9, subjects in the winning role perform CE and 
those in the losing role do not perform BO. 
Component 10, subjects in the winning role do not perform 
ND. 
Component 11, residents performing WF occupy the winning 
role when their opponents are not residents. 
Component 12, subjects in the losing role which are not 
residents perform BH. 
PCA3 does not provide any clear evidence that particular 
behaviours are uniquely associated with the role of 
either the winner or that of the loser in a dyad. For 
example component 7 indicates a correlation between BH 
and the winning role, but component 12 suggests a link 
between BH and the role of the loser. Similarly, although 
component 8 suggests that CE is linked with the role of 
the loser, component 9 links CE with the winning role. 
Only in the case of RES in components 11 and 12 are clear 
distinctions made. Component 11 suggests that residents 
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occupy the winning role when their opponents are not 
residents, and component 12 links not being resident with 
the losing role. 
Behaviourally the most interesting components extracted 
by this analysis are components 3. and 2, which are also 
the most powerful components accounting for a total of 
28.2% of the variance in the original data (16.7% and 
11.4% respectively). These two components appear to 
describe two fundamentally different types of agonistic 
interaction. Component 2 probably describes the simple 
supplant, where the challenged initial resource holder 
flees the interaction site (having not performed any 
agonistic behaviours) as a response to the arrival of the 
challenger; which performs the behaviours WO(ALL), TA(D) 
and I-ID whilst advancing towards the food source. 
Component 1 on the other hand, appears to describe a less 
simple scenario. One in which the challenger once again 
performs the behaviours NE, WO(ALL), TA(D) and HD, in 
this case moving both towards and away from the food 
source during the interaction. However, in this case 
rather than flee the initial resource holder also moves 
both towards and away from the food source and performs 
the behaviours NE, WO(ALL), TA(D) and HD. Generally the 
outcome of the scenario is that the challenger leaves the 
interaction site as the subordinate. 
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It is possible that despite having a low eigen value and 
explaining only 5.7% of the variance in the original data 
set, component 4 may describe a third interaction type. 
One in which two birds amicably share the food resource. 
WAFT-. f ~-- MOMT-301WELOPF W- 
The investigative analyses described in chapter 6.6.1 did 
not suggest that any of the agonistic behaviours 
considered were associated uniquely with either the role 
of the winner, or that of the loser, within the 
interacting dyad. They are insufficient to show that 
behaviours were more likely to be associated with either 
role but do hint that CE is most likely to be associated 
with the losing role whilst NE, MD, WO(ALL) and TA(D) are 
most likely to be associated with the winning role. 
However, there are several examples in the literature 
which suggest that performance of certain agonistic 
behaviours is related to agonistic interaction outcome in 
a range of species, including the Blue Tit (see chapter 
6.1 and references therein). The aim of this chapter 
(6.6.2) is to compare directly the performance of 
behaviours by subjects in the role of winner and of 
loser, within a dyad, in the interactions observed during 
the current study. 
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The data set used in the following analyses was derived 
from as that used in PCA3 and as in that case it is the 
role in the dyad that is examined (described in chapter 
6.6.1). 
In the first instance each of the agonistic behaviours 
listed in table 6.13 was investigated in order to 
determine its potential importance as a correlate or 
determinant of interaction resolution at the level of its 
association with either the winning or losing role within 
a dyad. In order to do so, the data for each behaviour 
were converted from the mean performance scores used in 
PCA3 to a present (mean score greater than zero) or 
absent (mean score equal to zero) format. These were then 
condensed into a two by two contingency table. In this 
analysis each role in each dyad therefore contributes 
only one score to the contingency table. A G test with 
Williams correction (Sokal and Rholf 1981) was used to 
compare the frequencies of winning roles and of losing 
roles having a mean performance score of zero or more 
than zero for that behaviour. 
The results of these analyses are presented in table 
6.13, from which it can be seen clearly that the 
behaviours considered can be classified into three 
groups; those associated most often with the winning 
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role in 65% and 68% of those interactions in which they 
were performed respectively. 
It could be concluded from tables 6.13 and 6.14 
therefore, that performance of the behaviours ND, NE, 
AGG, BO, WO(ALL), TA(D) and AD(ALL) may be associated 
with winning and the behaviours CE and RE could be 
associated with losing. However, further examination of 
the tables (6.13 and 6.14) shows that although this 
conclusion may be made regarding the subsets of the data 
in which each of the behaviours was performed, they 
cannot be generalised to the level of the whole data set. 
In fact these tables suggest that many of the individual 
agonistic behaviours were not recorded from a large 
proportion of the dyads observed. Looking at the whole 
data set (i.e. those dyads from which each behaviour was 
recorded and those from which each behaviour was not, see 
table 6.14) no single behaviour was associated with 
winning more than 30% of the time (the highest being 
AD(ALL) at 28.4%). Similarly, no behaviour was associated 
with losing more than 20% of the time (the highest being 
RE at 16.6%). For behaviours which are postures rather 
than movements the highest figures are NE (22.5%) and CE 
(12.1%). 
The same type of analyses may be carried out treating all 
of those behaviours associated with the winning role (ND, 
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NE, AGG, BO, WO(ALL), TA(D) and AD(ALL)) as a single 
behaviour termed WIN and, treating CE and RE as a single 
behaviour termed LOSS. This gives the following results: 
UP 
In 191 of the 489 (39%) dyads considered at least one of 
the constituent behaviours of WIN was associated with the 
winning role. A WIN behaviour was associated with the 
losing role in 98 of the 489 dyads (20%). Thus WIN 
behaviours are statistically significantly more often 
associated with the winning role in a dyad (Gadj = 21.5, 
1 d.f., p<0.001). A WIN behaviour was associated with the 
winning role in 39% of the dyads considered, and with the 
losing role in 20%. In those dyads from which a WIN 
behaviour was recorded, it was associated with the 
winning role in 66% of cases. 
In 112 of the 489 dyads (23%) considered at least of the 
LOSS behaviours was associated with the losing role. A 
LOSS behaviour was associated with the winning role in 58 
of the 489 dyads (12%). Thus LOSS behaviours are 
significantly more often associated with the losing role 
in a dyad (Gadj = 10.53, 1 d.f., p<0.01). A LOSS 
behaviour was associated with the losing role in 23% of 
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dyads and with the winning role in 12% of them, in those 
dyads from which a LOSS behaviour was recorded, it was 
associated with the losing role in 66% of cases. 
As has previously been described (see chapters 1 and 6.1) 
overt fighting is potentially costly to the animals 
involved in terms of high levels of energy expenditure, 
injury, and in extreme cases the death of one or more of 
the interactants (Lorenz 1966, Geist 1974, Eibl-
Eibesfeldt 1975, Enquist and Leimar 1990). 
Consequentially it is assumed that organisms have 
developed a range of mechanisms through which contests 
can be resolved without recourse to physical fights (see 
chapters 1, 5 and 6 for examples). However, despite the 
obviously massive selective pressure to avoid overt 
fights (except when the benefits of winning or the costs 
of losing are extremely high), and the wide range of 
alternative strategies available, physical fighting does 
occur in a range of organisms including the Blue Tit 
(pers obs). For the purposes of this chapter overt fights 
have been divided into two classes; fights and pecks (see 
the ethogram in chapter 6.2.1 for descriptions of these 
behaviours). The following discussions are based upon the 
pooled data from both of the winter seasons during which 
video recording took place (see chapter 6.3). 
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Nine of the 906 (0.99%) dyadic interactions recorded on 
video tape involved a physical fight. As table 6.15 shows 
fight initiators were more likely to have been initial 
resource holders (N = 6) than challengers (N = 3). (A 
goodness of fit G test with Williams correction (Sokal 
and Rholf 1981) to compare the 6:3 ratio observed, with 
the 1:1 ratio one would expect were initial resource 
holders and challengers equally likely to be initiators, 
gives the following result: Gadj = 4.37, 1 d.f., p < 
0.05). Six of the nine fights resulted in both birds 
leaving the feeding area, i.e. there was no winner. 
However, in three cases that did result in one bird 
leaving and the other being left with access to the food, 
it was always the initiator which was the winner. 
From this small sample it was not possible to determine 
whether any particular agonistic behaviours were 
performed by either initiators or their targets prior to 
fights (table 6.15). 
Twenty one of the 906 (2.32%) dyadic interactions 
recorded involved one bird (the peck subject) pecking its 
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opponent (the peck object). As table 6.16 shows, peck 
subjects were more likely to have been initial resource 
holders (N = 13) than they were to have been challengers 
(N = 8). (A goodness of fit chi2 (Sokal and Rhoif 1981) 
to compare the 13:B ratio observed, with the 1:1 ratio 
one would expect were initial resource holders and 
challengers equally likely to be peck subjects, gives the 
following result: chi 2 = 428, 1 d.f., p < 0.05). 
One of the encounters involving a peck was unresolved in 
that neither bird was in possession of the food source at 
the end of the interaction. However, in all of the others 
(N = 20) the peck subject was the interaction winner. In 
17 of these cases the immediate response of the peck 
subject, upon being pecked, was to flee. In two of the 
remaining cases its immediate response was to move away 
from the contested food. In one case the peck initiated a 
fight - the peck subject was the winner. Pecking is 
therefore, a very effecti stategy—ifl that peck 
subjects win 95% of the time. 
WIN behaviours (see chapter 6.5) were performed by peck 
subjects immediately prior to pecking in only seven of 
the 21 (33.3%) interactions. It is unlikely therefore 
that their function is to signal an imminent peck. 
However WIN behaviours were recorded from peck objects on 
only three (14.3%) occasions. So WIN behaviours may be 
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more often associated with peck subjects than with peck 
objects. 
The findings of this chapter, and the implications they 
have for increasing understanding of the mechanism of 
resolution of dyadic agonistic contests in the Blue Pit, 
will be discussed in chapter 7. However, they may be 
summarised as follows: 
Seventeen discrete elements of behaviour performed by 
Blue Tits involved in dyadic agonistic interactions were 
identified and described in an ethogram. A number of 
ore similar to those previously described by 
Stokes (1962a) from the Blue Pit, and by Wilson (1989) 
from a range of other bird species. Although some of 
these elements of behaviour were found to co-occur 
(through the application of cluster analysis (chapter 
6.4.2) and principal components analysis (chapter 
6.6.1)), they did not do so at a level sufficient to 
warrant their consideration as compound behaviours 
(chapter 6.4.2). A range of authors have previously 
described compound behaviours during agonistic 
interactions involving birds (e.g. Dunham 1966, Paton and 
Caryl 1986, Piaskowski et al. 1991, Stokes 1962a and, 
Wilson 1989). Whilst many of these may well exist, it is 
Page - 219 
suggested that in some cases (e.g. Wilson 1989) an over-
estimate of the level of co-occurrence may have been made 
due to consideration of the data at the interaction level 
rather than at the level of the statement as in this 
study. 
The results of principal components analysis PCA3 
described in chapter 6.6.1 can be interpreted as evidence 
suggesting the existence of at least two, and possibly 
three, types of interaction: those in which a simple 
supplant occurs (with the challenger only performing 
agonistic behaviours), those in which both interactants 
perform agonistic behaviours prior to contest resolution 
(one of them leaving), and possibly also, those in which 
the two interactants amicably share the food resource. 
The G tests described in chapter 6.7 show that although a 
proportion of interactions are resolved without any of 
the agonistic behaviours described being performed, there 
is a subset of the data in which it is possible to relate 
interaction resolution (winning and losing) with 
agonistic behaviour performance. Two behaviours were 
associated with the losing role in interactions - CE and 
RE. Seven behaviours were associated with the winning 
role - NE, HD, BO, AGG, TA(D), WO(ALL) and AD(ALL). These 
are the same behaviours that Stokes associated with a 
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tendency to attack (win) and to flee (lose) in his study 
of the Blue Tit (Stokes 1962a). 
Through their association with winning and losing, it 
should be possible to use these agonistic behaviours to 
predict the most likely outcome of an interaction. The 
behaviours therefore have potential signal function. 
Their effectiveness as signals may be estimated as the 
percentage of times they are associated with the outcome 
they are assumed to predict. Individually these 
behaviours have varying levels of effectiveness as 
agonistic signals. For example whilst the performance of 
AGG resulted in a win for the performer on 80% of the 
occasions it was recorded, performance of AD(ALL) was an 
effective predictor of a win only 65% of the time. Taken 
separately the behaviours associated with winning appear 
to be more effective than those associated with losing. 
If they are grouped together as WIN (those associated 
with winning) and LOSS (those associated with losing), 
they are apparently equally effective - both resulting in 
either a win or a loss (as appropriate) 66% of the time. 
Two categories of overt fighting (fights and pecks) can 
be recognised in Blue Tits, both rare. Fights occur in 
less than 1% of interactions, and pecks in only 2.3%. 
Neither form of fighting appears to be reliably preceded 
by particular agonistic behaviours. Fights are not an 
Page - 221 
effective means of securing access to a food resource 
(they are effective 30% of the time) whilst pecks are 
highly effective (95% successful). Initial resource 
holders are more likely to initiate fights and to peck 
their opponents than are challengers. 
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First winter 
Ni N2 	%1 
2 406 61.14 
3 129 19.43 
4 54 8.13 
5 23 3.46 
6 20 3.01 
7 18 2.71 
8 5 0.75 
9 3 0.45 
10 4 0.60 
11 0 0.00 
12 2 0.30 
Second winter 
Ni N2 %1 
2 	500 84.30 
3 78 13.11 
4 	15 2.52 
5 2 0.34 
The numbers of animals involved in the interactions which 
were video recorded during the first and second winters. 
Ni = the number of animals involved in each interaction, 
N2 = the number of interactions involving Ni animals, %1 
= the percentage of the total number of interactions 
recorded in a winter represented by N2. 
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Table 6.2 




HU 1 0 3 0 
WF 30 1 26 0 
CE 65 12 80 8 
HD 45 1 26 0 
RE 87 1 88 1 
NE 104 6 91 3 
Fl 5 0 2 0 
BE 3 0 1 0 
AR 401 12 497 3 
LE 372 14 461 24 
BH 16 0 18 0 
BO 14 0 6 0 
ND 52 5 46 20 
PE 9 0 12 0 
FE 240 397 498 493 
SU(H) 12 0 11 0 
SU(F) 1 0 0 0 
TA(D) 49 2 40 0 
TA(U) 2 0 0 0 
AD(H) 129 5 162 4 
AD(F) 1 0 0 0 
WO(L) 43 0 25 0 
WO(M) 39 1 27 0 
WO(H) 10 1 1 0 
The number of interactions in which each behaviour was 
recorded from a subject bird in the presence of an object 
bird (S+O) and, from a subject bird alone (S-O). 
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NP 0.000 
CE 0.000 0.008 
ED 0.000 0.000 0.006 
82 0.009 O.oaL 0.1.34 0.000 
NE 0.000 0.019 0.000 0.327 0.014 
Pt 0.000 0.000 0.000 0.000 0.000 0.000 
85 0.000 0.000 0.000 0.000 0.000 0.009 0.000 
AR 0.000 0.000 0.067 0.046 0.000 0.106 0.000 0.000 
LB 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.000 
85 0.000 0.000 0.000 0.057 0.000 0.035 0.000 0.000 0.009 0.000 
60 0.000 0.000 0.000 0.060 0.000 0.041 0.000 0.061 0.006 0.000 0.214 
ND 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.000 0.000 0.000 
PR 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.009 0.000 0.000 0.000 0.000 
PB 0.000 0.019 0.006 0.001. 0.000 0.013 0.000 0.000 0.004 0.000 0.000 0.000 0.011 0.000 
SD 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.000 0.000 
IA o.0000.0000.0000.2860.0000.3900.0000.0280.051.0.0000 .0470 . 063 0.000 0.01.30.0040.000 
AD 0.005 0.014 0.022 0.198 0.000 0.273 0.000 0.005 0.023 0.000 0.057 0.021 0.000 0.005 0.004 0.005 0.141 
60 0.000 0.000 0.005 0.354 0.006 0.500 0.000 0.016 0.073 0.000 0.036 0.061. 0.000 0.009 0.004 0.000 0.500 0.313 
HO 	II? 	CE 	ND 	RD 	N! Pt 	BE 	AR 	LB BE 	90 ND 	PE 	FE 	SD 	IA 	AD 
 
SD(S) 8u(F) TA(D) TA(U) AD(S) AD(F) 60(L) 60(5) 60(5) 
0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000 EU 
0.000 0.000 0.000 0.000 0.014 0.000 0.000 0.000 0.000 NP 
0.000 0.000 0.000 0.000 0.022 0.000 0.000 0.007 0.000 CE 
0.000 0.000 0.291 0.000 0.159 0.000 0.206 0.252 0.054 ND 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.000 RE 
0.000 0.000 0.290 0.000 0.275 0.000 0.214 0.244 0.000 52 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Fl 
0.067 0.000 0.029 0.000 0.005 0.000 0.01$ 0.018 0.000 BE 
0.002 0.002 0.044 0.002 0.002 0.000 0.037 0.026 0.007 AR 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 LB 
0.000 0.000 0.046 0.000 0.056 0.000 0.043 0.014 0.000 BE 
0.000 0.000 0.064 0.000 0.021. 0.000 0.062 0.045 0.000 50 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 MD 
0.000 0.000 0.01.3 0.000 0.005 0.000 0.000 0.000 0.083 PB 
0.000 0.000 0.004 0.000 0.004 0.000 0.003 0.000 0.000 PB 
0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 90(5) 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 80(F) 
0.000 0.142 0.000 0.233 0.337 0.043 TACO) 
0.000 0.000 0.000 0.000 0.000 TA(U) 
0.000 0.014 0.163 0.016 AD(S) 
0.000 0.000 0.000 AD(P) 
0.000 0.000 60(L) 
0.000 60(5) 
Jaccard similarity indicies describing the degree of 
similarity (co-occurrence) of behaviours performed during 
dyadic interactions recorded during the first winter. 
Data are presented ignoring modifiers (A), and taking 
them into account (B) (see text for explanation). 
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9? 0.000 
CE 0.000 0.007 
RD 0.000 0.031 0.000 
RE 0.000 0.015 0.083 0.000 
NE 0.000 0.045 0.000 0.213 0.021 
Fl 0.000 0.000 0.000 0.000 0.000 0.000 
53 0.000 0.000 0.000 0.026 0.000 0.006 0.000 
AR 0.004 0.000 0.080 0.013 0.000 0.075 0.000 0.000 
LB 0.000 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 
BE 0.000 0.018 0.000 0.129 0.000 0.085 0.000 0.000 0.004 0.000 
80 0.000 0.026 0.000 0.000 0.000 0.019 0.000 0.000 0.000 0.000 0.061 
ND 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
930.0000.000 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
FE 0.000 0.007 0.008 0.001 0.001 0.009 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
300.0000.0000.0000.0000.0000.0120.0000.0000.0020.0000.0000.000 0.000 0.000 0.000 
TA 0.000 0.022 0.000 0.319 0.000 0.283 0.000 0.016 0.031 0.000 0.132 0.016 0.000 0.000 0.003 0.000 
AD 0.000 0.031 0.023 0.096 0.000 0.193 0.000 0.000 0.029 0.000 0.061 0.005 0.000 0.014 0.008 0.000 0.144 
900.0000.000 0.000 0.255 0.016 0.300 0.000 0.012 0.046 0.000 0.079 0.012 0.000 0.000 0.005 0.000 0.589 0.139 
ND 9? CE 3D RE NE Fl 	83 AR LB BE 	DO ND PR FE SD Ti. AD 
 
30(R) 60(V) ?A(D) TA(U) AD(R) AO(?) 90(L) 90(3) 90(R) 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 HO 
0.000 0.000 0.022 0.000 0.031 0.000 0.000 0.000 0.000 9? 
0.000 0.000 0.000 0.000 0.023 0.000 0.000 0.091 0.000 CE 
0.000 0.000 0.32.9 0.000 0.096 0.000 0.061 0.000 0.114 3D 
0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.008 0.000 RE 
0.012 0.000 0.203 0.000 0.194 0.000 0.139 0.153 0.117 HE 
0.000 0.000 0.000 0.000 0.029 0.000 0.000 0.000 0.000 VI 
0.000 0.000 0.02.6 0.000 0.000 0.000 0.000 0.000 0.000 03 
0.000 0.000 0.031 0.000 0.000 0.000 0.017 0.019 0.014 AR 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 LE 
0.000 0.000 0.000 0.000 0.061 0.000 0.010 0.080 0.000 BE 
0.000 0.000 0.016 0.000 0.005 0.000 0.024 0.000 0.000 00 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ND 
0.000 0.000 0.000 0.000 0.014 0.000 0.000 0.000 0.000 93 
0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.001 FE 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 80(H) 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 50(9) 
0.000 0.114 0.000 0.180 0.333 0.234 TA(D) 
0.000 0.000 0.000 0.000 0.000 TA(U) 
0.000 0.058 0.000 0.023 AD(H) 
0.000 0.000 0.000 AD(F) 
0.000 0.000 90(L) 
0.000 110(9) 
Jaccard similarity indicies describing the degree of 
similarity (co-occurrence) of behaviours performed during 
dyadic interactions recorded during the second winter. 
Data are presented ignoring modifiers (C), and taking 
them into account (D) (see text for explanation). 
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pmale pfeniale 
bird Wi W2 bird Wi W2 
GGRM 15 - GRNM 2 - 
GORI4 9 - GRWM 2 - 
NMRR 5 - GWWM 6 - 
NONM 2 - GONI4 3 - 
NWNM 4 - NOOM 4 - 
OGWN 3 - NORM 12 - 
ONPM 6 - ONNM 6 - 
OWRM 4 - ONOM 3 - 
OINM 2 - ONWN 3 - 
OYOM 14 - ORNM 7 - 
OYRM 1 - OWOM 2 - 
RNRM 32 - OYGM 5 14 
RRNM 5 - RGNM 1 - 
RWNI4 8 - RGWM 1 - 
RWOM 20 - RNWM 5 - 
RYYM 11 3 RONM 1 - 
WNNM 10 - RWRM 21 - 
WNOM 5 - RYRM 30 - 
WNWM 3 - WOGM 10 - 
WORM 3 - WRNM 1 - 
WWRM 16 - YNOM 1 - 
WYRM 10 - lOOM 7 - 
YORM 2 - YRRM 9 - 
YROM 1 - YWOM 3 - 
YRWM 2 - YRNM - 6 
OGGM - 1 RYWM - 20. 
NRPM - 2 OPPM - 1 
RYBM - 1 YRPM - 3 
OBRM - 8 RXNM - 11 
BSRM - 10 NWGM - 1 
BNWM - 4 HMRS - 1 
YWSM - 1 RPNM - 12 
YBRM - 4 
YSOM - 8 
The numbers of dyadic interactions in which each of the 
identifiable individuals designated as pmale or pfeinale 
(see text) were involved as a subject bird in either the 
first (Wi) or second (W2) winter season. 
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pmale pfemale 
Behaviour 0 >0 0 >0 Gadj Sig. 
WF 17 1 17 3 0.857 N.S. 
CE 14 4 16 4 0.038 N.S. 
HD 13 5 18 2 1.887 N.S. 
RE 13 5 12 8 0.574 N.S. 
NE 8 10 14 6 2.440 N.S. 
AGG 16 2 17 3 0.009 N.S. 
BE 18 0 20 0 
AR 0 18 6 14 8.018 *** 
LE 3 15 4 16 0.241 N.S. 
BH 13 5 18 2 2.065 N.S. 
BO 17 1 18 2 0.239 N.S. 
ND 14 4 15 5 0.110 N.S. 
FE 2 16 4 16 0.516 N.S. 
TA(D) 14 4 17 3 0.482 N.S. 
SU(ALL) 17 1 20 0 
AD(ALL) 5 13 14 6 6.564 ** 
WO(ALL) 12 6 14 6 0.090 N.S. 
N.S. = No significant difference 
** = p<0.01 
*** = p<0.001 
Comparisons of the frequency of performance of each of 
the behaviours by birds classed as pmale and pfemale (see 
text). 
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Communalities 
Variable PCA1 	PCA2 	PCA3 (w) PCA3 (s) 
MU 
WF 0.507 0.602 0.713 0.521 
CE 0.531 0.360 0.709 0.596 
HD 0.624 0.880 0.676 0.574 
RE 0.615 0.884 0.501 0.646 
NE 0.773 0.907 0.750 0.835 
AGG 0.355 0.584 0.791 0.779 
BE  --- --- --- 
AR 0.953 0.949 0.948 0.964 
LE 0.887 0.943 0.827 0.799 
BR 0.361 0.693 0.696 0.687 
BO 0.591 0.701 0.621 0.524 
ND 0.339 0.468 0.678 0.546 
FE 0.558 0.808 0.813 0.729 
TA(D) 0.671 0.763 0.715 0.734 
SU(ALL) --- 
AD(ALL) 0.467 0.860 0.674 0.578 
WO(ALL) 0.802 0.975 0.779 0.869 
RES 0.337 0.646 0.398 0.785 
NIN 0.951 0.951 0.983 0.983 
WIN 0.871 0.924 
PSEX --- 0.689 
The variables contributing to each of the analyses, PeAl, 
PCA2 and PCA3, and their communalities (see text). 
PCA3(w) refers to the variables of the winning role and 
PCA3(s) refers to those of the losing role (see text). 
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Analysis Ni N2 	N3 %i 	%2 %3 	KMO 
PCA1 18 1812 6 62 35 77.9 0.697 
PCA2 19 38 7 768 28 89.47 0.462 
PCA3 34 489 12 71.8 21 100 0.71 
Summary statistics of the analyses PCA1, PCA2 and PCA3. 
Ni = the number of variables considered in the analysis, 
N2 = the number of cases in the data set used by the 
analysis, N3 = the number of principal components 
extracted by the analysis, %1 = the total percentage of 
the variance in the original data explained by the 
extracted components, %2 = the percentage of reproduced 
correlation matrix residuals greater than 0.05 in 
absolute value, %3 = the percentage of the variables 
having coinmunalities greater than 0.4, KMO = the Kaiser-
Meyer-Olkin measure of sampling adequacy of the analysis. 
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Table 6.8 
Component Eigen %1 Variables 
value 
1 3.72 20.7 NE(0.848) WO(ALL)(0.845) 
TA(D)(0.769) HD(0.735) 
AD(ALL)(0.636) BH(0.427) 
2 2.28 13.2 LE(0.615) NIN(-0.792) 
WIN(-0.636) AR(-0.785) 
3 1.52 8.4 CE(O.607) NIN(0.433) 
RE(0.433) AR(O.431) 
LE(0.449) WIN(-0.449) 
4 1.34 7.4 RE(O.488) ND(0.457) 
FE(0.404) LE(-0.428) 
5 	1.16 	6.5 	FE(0.571) WF(0.562) 
AGG(-0. 544) 
6 	1.03 	5.8 	BO(0.586) RES(-0.558) 
The results of analysis PeAl. %1 refers to the percentage 
of the variance in the initial data set explained by each 
of the extracted components. Each variable is followed 
(in parentheses) by its correlation with the component 
(only variables having a correlation with the component 
greater than 0.4 are included). 
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Component Eigen %1 Variables 
value 










3 	 2.16 11.4 LE(0.743) PSEX(0.503) 
WIN(-0.691) NIN(-0.543) 
AR(-O.541) 




5 	1.42 7.5 B0(O.538) PSEX(0.427) 
WF(0.426) RES(-0.544) 
6 	1.25 	6.6 	FE(O.654) RES(0.436) 
HD(-0.454) PSEX(-0.085) 
7 	1.08 	5.7 	WF(0.469) AGG(-0.565) 
RE(-0.429) PSEX(-0.019) 
The results of analysis PCA2. %1 refers to the percentage 
of the variance in the initial data set explained by each 
of the extracted components. Each variable is followed 
(in parentheses) by its correlation with the component 
(only variables having a correlation with the component 
greater than 0.4 are included). 
Page - 232 
RD 	W0(ALL) TA(D) AD(ALL) RE 
0.664 0.742 0.617 0.508 0.080 
0.612 0.504 0.407 0.096 
0.794 0.413 0.096 
0.320 0.105 
0.137 
BR 	WIN 	WIN 	CE 
0.284 0.124 0.088 -0.072 NE 
0.214 0.0002 0.050 -0.047 RD 
0.247 0.113 0.059 -0.053 W0(ALL) 
0.285 0.058 0.059 -0.050 TA(D) 
0.294 0.118 0.158 0.117 AD(ALL) 
0.101 -0.117 -0.118 0.261 RE 
0.034 0.021 -0.003 BE 
0.268 -0.071 WIN 
0.084 WIN 
The initial correlations (from principal components 
analysis between selected pairs of variables from the 
data set contributing to PCA1. 
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0-0 
HO 	W0(ALL) TA(D) AD(ALL) RE 
	
BR 	WIN 	WIN 	CE 	PSEX 80 
0.429 0.632 0.471 0.744 0.743 0.249 0.030 0.211 -0.009 -0.171 0.235 NE 
0.799 0.429 0.281 0.261 -0.065 0.045 -0.002 -0.029 -0.046 -0.061 HD 
0.657 0.502 0.230 0.267 0.178 0.009 0.072 -0.016 0.376 W0(ALL) 
0.555 0.065 0.532 0.016 -0.017 0.274 -0.108 0.303 TA(D) 
0.555 0.654 0.014 0.312 0.351 -0.152 0.257 AD( ALL )  
0.103 -0.145 0.179 0.006 0.024 0.051 RE 
0.019 0.234 0.103 -0.047 0.381 BR 
-0.048 0.015 -0.101 0.285 WIN 
0.069 -0.492 0.058 WIN 
0.006 0.166 CE 
0.200 PSEX 
The initial correlations (from principal components 
analysis between selected pairs of variables from the 
data set contributing to PCA2. 
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Component Eigen %l Variables 
value 








sAD(ALL) (0. 601) 
2 3.893 11.4 dNIN(0.633) sNIN(-0.633) 
dAR( 0. 632) 
dED (0.536) 
dTA(D)(0.531) 
dAD(ALL) (0. 449) 
sAR(-0.614) 




4 1.929 5.7 dFE(0.402) sFE(0.617) 
dLE(-0.438) 
5 1.687 5.0 dAGG(0.725) sAGG(0.728) 
6 1.598 4.7 dLE(-0.708) sLE(0.774) 
7 1.445 4.3 dBH(-0.521) 
8 1.226 3.6 sCE(0.537) 
sND(-0.454) 
9 1.200 3.5 dCE(0.493) sBO(-0.463) 
10 1.086 3.2 dND(-0.586) 
11 1.064 3.1 dRES(0.475) sRES(-0.583) 
dWF( 0. 495) 
12 1.027 3.0 sRES(0.424) 
sBH( 0. 587) 
The results of analysis PCA3. %l refers to the percentage of the variance in the initial data 
set explained by each of the extracted components. Each variable is followed (in parentheses) 
by its correlation with the component (only variables having a correlation with the component 
greater than 0.4 are included). Variables referring to the dominant role are prefixed 'd' and 
those referring to the subordinate role are prefixed 's'. 
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Winning Losing 
role role 
Behaviour - + - + Gadj 
WF 469 20 471 18 0.90 
AR 348 141 191 298 113.95 ** 
CE 458 31 430 59 9.68 ** 
HD 446 43 475 14 15.24 *** 
RE 452 37 408 81 18.95 *** 
NE 379 110 445 44 34.36 *** 
AGG 472 17 485 4 8.63 ** 
BH 471 18 480 9 3.03 
BO 475 14 484 5 4.41 * 
ND 447 42 460 29 2.56 
FE 237 252 238 251 0.06 
TA(D) 448 41 469 20 7.79 ** 
AD(ALL) 350 139 417 72 27.48 *** 
WO(ALL) 414 75 462 27 25.99 *** 
* = p < 0.05 
** = p < 0.01 
*** = p < 0.001 
The number of times agonistic behaviours were (+) and 
were not (-) recorded from subjects in winning and losing 
roles (see text). Based on 489 dyadic interactions. 
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%B 	 %D 
CE 34.4 65.6 6.3 12.1 
HD 75.4 24.6 8.8 2.9 
RE 31.4 68.6 7.6 16.6 
NE 71.4 28.6 22.5 8.9 
AGG 80.9 19.1 3.5 0.8 
BO 73.7 36.3 2.9 1.0 
TA(D) 67.2 32.8 8.6 4.1 
AD(ALL) 65.9 34.1 28.4 14.7 
WO(ALL) 73.5 26.5 15.3 5.5 
The percentage association between the behaviours and the 
winning and losing roles in interactions. %A = the 
percentage of dyads in which the behaviour was associated 
with the winning role. %B = the percentage of dyads in 
which the behaviour was associated with the losing role. 
%C = the percentage of all dyads (N = 489) in which each 
behaviour was associated with the winning role. %D = the 
percentage of all dyads (N = 489) in which each behaviour 
was associated with the losing role. 
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Fight Initiator Winner Behaviour 
number A 	B A 	B C A B 
1 Y 	N N 	N Y RE AD(F) 
2 Y N N N Y FE AR 
3 Y 	N N 	N Y FE AR 
4 1 N N N I FE AR 
5 1 	N I 	N N FE AR 
6 1 N V N N WO(L) TA(U) 
BO WO(H) 








9 	N 	V 	N 	N 	I 	AR 	RE 
Fights involving two Blue Pits: The roles of initial 
resource holders and challengers as fight initiators, 
fight outcomes, and the agonistic behaviours preceding 
fights. 
Initiator = which of the birds initiated the fight: A 
(the initial resource holder) or, B (the challenger) - V 
= yes, N = no. Winner - which of the birds was the 
interaction winner; A (the initial resource holder), B 
(the challenger) or C (neither) - I = yes, N = no. 
Behaviour = the behaviours exhibited by the initial 
resource holder (A), and the challenger (B) immediately 
prior to the fight. (See chapter 6.2.1 for explanation of 
the behaviour codes.) 
Page - 238 
IRH Prior Sub. Winner 
A B A B A 	B 
1 N AR FE FE LE Y 	N 
2 N AD(H) FE FE LE Y N 
NE 
3 N AR CE FE LE Y 	N 
4 Y FE AD(H) FE LE V N 
FE 




6 V FE AR FE LE V 	N 
7 N AR FE AD(H) RE V N 
NE 
8 N AR FE FE LE V 	N 
9 V FE AR FE LE V N 
10 V NE, HD NE FE LE V 	N 
WO(M) 
TA(D) 
11 V FE ND FE LE Y 	N 
12 V ND AR LE LE N V 
13 V FE AR FE LE V 	N 
14 N AR FE FE LE V N 




16 V FE FE FE LE V N 
17 V NE,BO HD,NE AD(H) RE V N 
AD(H) WO(L) HD,NE 
WO(M) 
18 V FE AR FE LE V N 
19 V AD(H) AR FE LE V N 
NE 
20 V FE AR FE LE V N 
21 V AD(H) FE FE LE V N 
Peck behaviour during agonistic interactions. IRE = was 
the initial resource holder the peck subject (see text) V 
= yes, N = no. Prior -and Sub. = the behaviours (see 
chapter 6.2.1 for codes) exhibited by A (the peck 
subject) and B (the peck object) immediately before 
(prior) and after (sub.) the peck. Winner = was the peck 
subject (A) the winner, or was the contest unresolved (B) 
(V = yes, N = no). 
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Table 6.17 
Hypothetical example of condensation of the data to allow 
Principal components analyses PCA1, PCA2 and PCA3. 
The initial data for PCA1 would look as follows: 
(BIRD 	= 	the identity of 	the 	interactant, INT 	= 	the 
interaction number) 
BIRD INT HD NE PSEX WIN 
A 1 1 1 1 1 
B 1 0 1 2 2 
A 2 1 1 1 1 
B 2 0 1 2 2 
A 3 1 1 1 2 
B 3 0 0 2 1 
PCA2 entry: 
A - 1 1 1 0.66 
B - 0 0.66 2 0.83 
The same data for PCA3 would look initially as follows: 
(d = dominant/winner, s = subordinate/loser) 
BIRDd 	BIRDs INT 	HDd HDs NEd NEs 	PSEXd PSEXs 
A 	B 1 1 0 1 1 1 2 
A B 2 	1 0 1 1 	1 2 
B 	A 3 0 1 0 1 2 1 
PCA3 entry: 
- 	- - 	0.66 0.33 0.66 1 	1.33 1.33 
N.B. PSEX was not used in either PCA1 or PCA2. 









44 54 64 74 84 94 104 114 124 134 144 154 
Days Elapsed 
The relationship between the number of days elapsed since 
the 1st  of October 1989 and, the number of interactions 
recorded per observation session during the first winter. 
Values of 0 on the Y-axis indicate days on which 
recording did not take place. 













44 54 64 74 84 94 104 114 124 134 144 154 
Days Elapsed 
The relationship between the number of days elapsed since 
the 15t  of October 1990 and, the number of interactions 
recorded per observation session during the second 
winter. Values of 0 on the Y-axis indicate days on which 
recording did not take place. 












10 	20 	30 	40 	50 
N. Interactions 
The numbers of identifiable individuals involved in N 
interactions in the first winter season. 




10 	20 	30 	40 	50 
N. Interactions 
The numbers of identifiable individuals involved in N 
interactions in the second winter season. 












0 2 3 4 5 6 7 8 9 101112131415161718192021 
N. Statements 
Interaction length: the numbers of interactions 
comprising N statements. Solid bars represent first 
winter data, open bars represent second winter data. 
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IPEMSGROUPED 1 5 	17 	12 	16 
2 4 18 8 10 
CYCLE I J COEFF 15 6 	9 	14 	7 
3 19 11 13 * * 
1 619 0.500*  
2 6 17 0.395 * I- 	 * 
3 4 6 0.322* -I * 
4 11 12 0.214 * - 	* 
5 418 0.196* * 
6 3 5 0.134* - 	 * 
7 4 9 0.059* - 	* 
8 4 11 0.041 * * 
9 215 0.019* - * 
10 4 8 0.014* - 	* 
11 2 3 0.009* - * 
12 2 4 0.005*  
13 214 0.003*  
14 213 0.002*  
15 1 2 0.001*  
16 116 0.001*  
17 110 0.000*  
18 1 7 0.000*  * * 
CASE LABELS 
1 	H 2 	W 3 	C 40 	5 R 
6 	N 7 	F 8 	B 9 	A 10 LE 
11 BE 12 80 13 ND 14 PE 15 FE 
16 	S 17 TA 18 AD 19W0 
ALCA dendrogram derived from Jaccard similarity indicies 
for pair-wise combinations of behaviours performed during 
dyadic interactions recorded during the first winter. 
Modifiers are ignored (see text). 'Cycle' refers to the 
iteration undertaken during construction of the 
dendrogram, I and J refer to the pair of behaviours which 
have been linked in each cycle, and 'coeff' refers to the 
index of similarity at which they were linked. 
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ITEMS GROUPED 1 20 	23 	12 	16 	17 
2 4 22 14 13 19 
CYCLE I J COEFF 5 6 	9 	24 	15 	7 
3 	18 11 8 10 21 
* * 
1 18 23 0.337  
2 4 6 0.327* - * 
3 4 18 0.269 * I * 
4 320 0.222* - * 
5 11 12 0.214  
6 422 0.163* - * 
7 14 24 0.083 * * 
8 3 4 0.083*  
9 816 0.067* - * 
10 3 9 0.050*  
11 3 11 0.035 * 
12 2 5 0.021* - * 
13 13 15 0.011 * - * 
14 2 3 0.010  
15 214 0.006*  
16 2 8 0.005*  
17 2 13 0.002  
18 1 2 0.001*  
19 110 0.000*  
20 117 0.000*  
21 119 0.000*  
22 1 7 0.000* I- * 
23 1 21 0.000 * * * * 
*** *********************** 
CASE LABELS 
in 2 	W 3 	C 4 	E 5 	R 
6 	H 7F1 8 	B 9 	A 10 LE 
11 BE 12 BO 13 ND 14 PE 15 FE 
16 SU(H) 17 SU(F) 18 TA(D) 19 TA(D) 20 AD(H) 
21 AD(F) 22 W0(L) 23 W0(M) 24 W0(H) 
ALCA dendrograni derived from Jaccard similarity indicies 
for pair-wise combinations of behaviours performed during 
dyadic interactions recorded during the first winter. 
Modifiers are taken into account (see text). 'Cycle' 
refers to the iteration undertaken during construction of 
the dendrogram, I and J refer to the pair of behaviours 
which have been linked in each cycle, and 'coeff' refers 
to the index of similarity at which they were linked. 
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Figure 6.4c. 
ITEMS GROUPED 
CYCLE I 	J 	COEFF 
6 	11 	8 	10 
2 	17 3 15 7 
12 19 	9 	14 	13 
4 	18 5 16 
1 17 19 
2 	6 17 
346 
4 	4 18 
5 4 11 
639 
735 
8 2 12 
924 
10 	2 	3 
11 2 8 
12 	2 15 
13 2 14 
14 	2 16 
15 2 10 
16 	1 	2 
17 1 7 
18 	1 13 
	
* 	 * 
0.589 * * 
0.336 * 	- I 	 * 
0.262 * _ * 
0.143 * J * 
0.097 * 	 * 
0.088 * - 	 * 
0.041 * I- * 
0.026 * 	- 	 * 
0.022 *  
0.012 *  
0.005 *  
0.004 * 	 * 
0.002 * * 
0.001 * I- 	* 
0.000 * 	 I- * 
0.000 * I * 
0.000 *  






2 	W 3 	C 411D 	5 	R 
7F1 8 	B 9 	A 10 LE 
12B0 13 ND 14 PE 15 FE 
17 TA 18 AD 19W0 
ALCA dendrogram derived from Jaccard similarity indicies 
for pair-wise combinations of behaviours performed during 
dyadic interactions recorded during the second winter. 
Modifiers are ignored (see text). 'Cycle' refers to the 
iteration undertaken during construction of the 
dendrogram, I and J refer to the pair of behaviours which 
have been linked in each cycle, and 'coeff' refers to the 
index of similarity at which they were linked. 
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ITEMS GROUPED 	1 	18 	22 	9 	7 	13 
2 23 11 5 14 17 
	
CYCLE I 	J 	COEFF 	4 	24 	12 	8 	16 	19 
6 20 3 15 10 21 * * 
1 18 23 	0.333  
2 	6 18 0.218 * 	I 	 * 
3 4 	6 	0.177* I * 
4 	4 24 0.131 * 	 * 
5 3 	9 	0.088* - 	 * 
6 	420 0.085* 	 * 
7 4 22 	0.074 * * 
8 11 12 0.061 * 	 - 	 * 
9 	3 	5 	0.041* - 	 * 
10 4 11 0.035 * 	 - 	 * 
11 	2 	4 	0.019*  
12 2 3 0.012*  
13 	2 	8 	0.004*  
14 215 0.003*  
15 	2 	7 	0.002* 	 * 
16 2 14 0.001 * * 
17 	2 16 	0.001 * 	 * 
18 210 0.000* I- 	* 
19 	1 	2 	0.000*, 	 I * 
20 113 0,000*  
21 	117 	0.000*  
22 119 0.000*  
23 	1 21 	0.000  * 	 * 
CASE LABELS 
1 	H 2 	W 3 	C 4 	E 5 	R 
6 	N 7F1 8 	B 9 	A 10 LE 
11 BH 12 BO 13 ND 14 PE 15 FE 
16 513(11) 17 SU(F) 18 TA(D) 19 TA(D) 20 AD(H) 
21 AD(F) 22 	(L) 23 W0(M) 24 W0(11) 
ALCA dendrogram derived from Jaccard similarity indicies 
for pair-wise combinations of behaviours performed during 
dyadic interactions recorded during the second winter. 
Modifiers are taken into account (see text). 'Cycle' 
refers to the iteration undertaken during construction of 
the dendrogram, I and 3 refer to the pair of behaviours 
which have been linked in each cycle, and 'coeff' refers 
to the index of similarity at which they were 
linked.Second year dyads with modifiers 
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In chapter 3 of this thesis the biometrics of the 
Ormiston Blue Tits were described. It was shown that 
birds from this population cannot be reliably sexed using 
methods which have been described as standard in the 
literature (e.g. Flegg and Cox 1977, Perrins 1979, 
Svennsson 1992). However, birds resident in the study 
area during the breeding season were sexed behaviourally, 
and a discriminant function based upon these birds was 
developed in order to assign a probable sex to those 
winter residents for which sufficient biometric data were 
available (see chapter 3.4 and Scott 1993). However, the 
fact that the majority of birds could not be sexed with 
100% accuracy was a major problem throughout this study. 
Sex was found to be an important correlate of interaction 
outcome (see chapter 5.3.2.2) and so it was necessary to 
carry out investigations of other variables having first 
taken sex asymmetries into account (i.e. to use 
interactions involving two males or two females). Sample 
sizes were therefore greatly reduced. In some cases it 
was possible to use birds which had been assigned a 
probable sex using discriminant analysis (chapter 3.4, 
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and Scott 1993) (see chapter 6 and chapter 5.3.2.2), but 
there were also cases where this was not possible: It 
would be improper to use a discriminant function based on 
wing length to investigate the effect of wing length upon 
contest resolution for example (Theobald pers coxcun). In 
order to overcome this problem future work in this area 
should involve an obviously sexually monomorphic species, 
or address questions which are unlikely to be affected by 
sex asymmetries. 
Chapter 4 of this thesis described the Oriniston breeding 
population and the winter movements of birds from the 
study population. It was demonstrated that a subset of 
the population develop an affinity for a particular 
feeding area during their first winter which is close to 
the area of the study site which will become their 
breeding territory. These observations are consistent 
with the suggestions of Kenrick (1940), Colquhoun (1942), 
and }Iinde (1952), that during the winter a proportion of 
a Blue Tit population is resident in an area close to 
their breeding territory. 
These findings, and indeed the findings of this study in 
general, might be criticised because of the use of 
artificial food sites (Dhondt pers comm). A recognised 
effect of artificial feeding is that it tends to enhance 
individual survival and will result in an increased local 
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population size (Hogstad 1975, Gibb 1960, Lack 1966). One 
recognised consequence of tW will be an increased 
level of interaction between individuals within that 
population (Baker 1992, Woolfenden and Fitzpatrick 1977). 
It could then be argued that in this artificial situation 
the behavioural observations made are not representative 
of the natural situation and the site affinities 
demonstrated in chapter 4 may simply reflect the fact 
that food has been provided. However, when working with a 
large and fluid population such as the Ormiston Blue 
Pits, artificial feeding is an essential means of 
focusing birds in a particular area in order to achieve 
the sample sizes required to develop strong conclusions. 
Ts fact was highlighted during the winters of 1990-
91 and 1991-92 when the Ormiston population was also 
studied by R. Bain and R Heber-Percy (Bain 1991, Heber-
Percy 1992). Their work involved making observations at a 
number of sites and so extra feeders were positioned 
around the study area. One consequence of this was that 
numbers of birds visiting each feeder (and therefore the 
amounts of data available from each of them) were lower 
than they had been in the winter of 1989-90 when only the 
walled garden feeder was provisioned (pers obs). 
Personal observations suggest that this provisioning is 
unlikely to have greatly altered the natural behaviour of 
the birds, and probably simply increases the incidence of 
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natural occurrences. Further, natural parallels do exist. 
For instance a heavy Beech mast crop may be no different 
to an experimental peanut dispenser, both being long term 
and predictable food sources. The feeding stations at 
Ormiston had been provisioned constantly through four 
winters prior to the current study, and for seven when it 
ended. It could be argued therefore that they have become 
a part of the 'natural scenario'. Thus although 
criticisms of the use of artificial food sites can be 
made, they were not considered as being especially 
important in the current study. 
In chapters 5 and 6 of this thesis it has been 
demonstrated that a number of factors may or may not be 
related to the outcomes of dyadic agonistic interactions 
between Blue Tits at a winter food source. Those findings 
will be discussed in the remainder of this chapter, and 
an assessment will be made of their potential importance 
as determinants of interaction resolution. 
7,2 Dominance relationship constancy. 
Dyadic dominance asymmetries in a single interaction were 
shown to be reliable predictors of, and therefore 
equivalent to 'true' dyadic dominance - subordination 
relationships (see chapter 5.3.1). Within a season Blue 
Tit dominance relationships show a high degree of 
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directional constancy suggesting that a degree of 
inevitability exists in interaction outcomes. These 
results agree with conclusions made by Baker (1992) about 
the nature of the dominance relationships between wild 
Blue Tits. Similarly Wilson (1989, 1992) and Oberski and 
Wilson (1989) report directional constancy of social 
relationships from work carried out on populations of 
wild and captive Great Tits. 
These findings, together with the fact that dominance 
asymmetries may influence an individua1s level of access 
to vital resources, risk of predation and, probability of 
survival (Arcese and Smith 1985, Baker 1992, Baker et al 
1981, Ficken et al 1990, Fretwell 1969, Glase 1973, 
Hegner 1985, Kikkawa 1981, Keys and Rothstein 1991, Krebs 
1971, Lambrechts and Dhondt 1986, Morse 1973, Murton et 
al 1971, Popp 1987, Schneider 1984, Sherry and Holmes 
1988, 1989, Smith 1976,) suggest that the resolution of 
agonistic interactions is not under stochastic control. 
Given that agonistic interactions between Blue Tits are 
characteristically of • short duration (pers obs) the 
mechanism of their resolution must be one which is 
achievable in a relatively short time frame. As has been 
previously discussed (see chapters 1, 5.1 and 6.1) such 
mechanisms include: a) Overt fighting. b) The rapid 
assessment (i.e. without prolonged display) of fixed 
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physical attributes (e.g. sex, age, size) or the status 
(in terms of prior residence or previous encounter 
outcomes) of their opponents, all of which may be related 
to fighting ability and/or resource holding potential. C) 
Assessment involving display during which individuals 
signal their status in the population (e.g. prior 
resident, territory holder) (similar to b), their 
determination to retain the contested resource, or their 
strategic intentions. d) Individual recognition of 
opponents with whom previous encounters had been 
costly/profitable and against whom current encounter 
outcomes are likely to repeat those already experienced. 
In this thesis overt fighting, and assessment which 
did/did not involve display were investigated as possible 
mechanisms controlling, or at least contributing to, 
agonistic interaction outcome. More specifically 
asymmetries in a number of fixed properties of the 
interactants (ASAs including sex, age, size, plumage 
features, and the relative status of the birds as 
residents within the study area), and in their 
performance of one or more agonistic behaviours were 
examined in the hope that one or a number of them would 
have a clear link with being either an interaction winner 
or an interaction loser. Individual recognition was not 
investigated in this study but it is likely that it may 
be an important area for future work given the findings 
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of Bossema and Burgier (1980), Huntingford and Turner 
(1987) and Waas (1991). 
As would be predicted from the literature, overt fights 
between Blue tits were found to be rare suggesting that 
alternatives to physical combat have been selected for as 
a mechanism of contest resolution (Gauthreaux 1981, 
McComb et al 1994, Maynard Smith and Parker 1976, Maynard 
Smith and Price 1973, Parker 1974, Robertson 1986, 
Tinbergen 1952). Full escalated fights (which involved 
two birds in a physical struggle) accounted for less than 
1% of all of those dyadic interactions recorded on video 
tape (see chapter 6.8) 
To be considered as an effective strategy for contest 
resolution, fighting would need to result in the fight 
initiator also being the fight winner in a high 
proportion of cases. In fact this occurred in only 20% of 
observed cases, and 70% of fights resulted in both birds 
leaving the contest area - neither of them winning. Thus 
despite the fact that the data set was small (due to the 
rarity of fights) it would seem reasonable to conclude 
that escalated fights are not an effective contest 
resolution strategy in the case of two Blue Tits which 
are presumably contesting over access to a disputed food 
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resource. (Although the assumption is being made that the 
interactions being described in this thesis are related 
to access to food (or in some cases to access to perch 
space at the feeder site) because they take place at a 
food source it should be noted that it is possible that 
they are concerned with a number of other factors; access 
to mates, territories etc.) 
Lower levels of overt fighting (single pecks) however, 
are highly effective. In 95% of those cases in which a 
bird pecked its opponent during an interaction, the 
pecking bird was the eventual winner. Given this high 
level of effectiveness one might expect pecking to be a 
particularly favoured contest resolution strategy. 
However, from the observations made it appears to be 
almost as rare as full fights, accounting for a little 
over 2% of all of those dyadic interactions recorded on 
video tape (see chapter 6.8). 
Why then should such an effective strategy be rare? It 
could be that low level overt fights lead to costly 
escalated fights. If this were the case the rarity of 
pecking would be explained because despite its 
effectiveness it would be a very risky strategy. However 
the data available do not support this argument (see 
chapter 6.8) as 95% of pecks did not lead to escalated 
fights. 
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Whatever the reason for the rarity of pecks it is clear 
that overt fighting is not a major mechanism for contest 
resolution in the Blue Tit. 
EMT MIT 	 t.LL3E. 	iki!i!cJ 
As was discussed in chapter 5.1.1, a number of authors 
have investigated the proximate relationship between 
asymmetries in ASAs such as sex, size, and plumage 
variation, and contest outcome (e.g. Andersson and Ahiund 
1991, Baker 1992, Eckert and Weatherhead 1987, Hill 1989, 
Maynard Smith and Harper 1988, Searcy 1979, Wilson 1989, 
1992a). In this study ten ASAs were investigated (see 
chapter 5) at the dyadic level. Amongst these data a 
number of cases existed where both of the interactants in 
a dyad were the same (i.e. the same sex, age, or size, or 
had the same amount of white on their brows etc.). Such 
dyads were not included in the analysis. It is important 
to note therefore that the question being addressed is 
not simply is the ASA related to dominance, but rather is 
the ASA related to dominance in those dyads in which an 
asymmetry (in that ASA) exists between the interactants. 
In the discussion below each of these will be considered 
separately in the first instance and then as a conclusion 
they will be assessed as a group (see chapter 7.6). 
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Sex 
At the dyadic level sex was found to be highly predictive 
of interaction outcome, male birds dominated their female 
opponents significantly more often than vice versa (see 
chapter 5.3). This finding agrees with the observations, 
of Blue Tits, made by Baker (1992), Colquhoun (1942), 
Hegner (1985) and, Hinde (1952) and with those of other 
authors working on a range of passerine species (90% of 
those reviewed by Wilson (1989)). 
Why should male Blue Tits enjoy consistently higher 
dominance with respect to their female opponents during 
the non-breeding season? A comparison of the timings of 
the periods of greatest cost to males and females in 
terms of presumed breeding season energy expenditure 
suggests a possible explanation. Males, of those species 
cited as exhibiting male dominance (see chapter 5.1.1.1), 
are required to acquire and defend a territory and, in 
some cases, to advertise it in order to attract a mate 
(e.g. Hinde 1955, Perrins 1979). This represents a 
potentially massive cost to the individual in terms of 
energy expenditure and exposure to predation (McFarland 
1981). Females of many species play no part in this early 
breeding season activity, their peak cost presumably 
being the production of a nest and eggs, and raising 
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young later in the season. Thus males need to be in peak 
condition earlier in the season than females. It may be 
that in order to achieve this they require priority of 
access to food (the contested resource in the majority of 
studies which have reported male dominance) earlier in 
the season and that to achieve this a strategy of male 
dominance over females has evolved. Females are probably 
able to re-dress this early season imbalance in resource 
access at the latter stage of the breeding season when 
they require maximal resource build up because resources 
may not be scarce at that stage of the year, or through 
the intra-pair dominance reversals which occur during the 
breeding season (Colquhoun 1942, Shoemaker 1939, Smith 
1980a,b) (see chapter 5). 
Individual reversals in dominance (females being dominant 
over males) do occur during the non-breeding season (see 
chapter 5.3). Based on the observations of Coiquhoun 
(1942), Shoemaker (1939) and Smith (1980a,b) it could be 
suggested that these reversals of the general pattern may 
be due to the existence of a special relationship between 
the individuals involved, (i.e. that they were mates 
during either a prior or subsequent breeding season, or 
both) (see chapter 5.1.1.1). This was not found to be the 
case during the present study. These instances probably 
represent cases where the survival of individual females 
is at risk due to starvation, the females involved 
Page - 260 
achieving temporary dominance as a result of their 
increased motivation to feed (Andersson and Ahiund 1991, 
Cristol 1992), or the males involved have a strong 
positive energy balance and are not motivated to compete. 
This possible explanation of male winter dominance would 
be supported if it could be shown that in species where 
female winter dominance is the norm, the breeding cost 
distributions of the sexes differed in some way from that 
described above. This appears to be the case in the 
Bullfinch, a species in which females are dominant with 
respect to males during the winter months. Male Bullfinch 
are not territorial and because pairs remain together for 
life do not need to acquire a mate during each winter 
(Nicolai 1956). 
Alternatively male dominance over females may simply be a 
consequence of selection for males to be aggressive in 
order to obtain and defend a territory (testosterone, the 
male hormone, having been linked to both aggressiveness 
and dominance (Wingfield et al 1987, Wingfield and Lewis 
1993)). As long as this situation does not put at risk 
individual female survival, male winter dominance would 
be predicted. 
Comparisons of sex asymmetries would appear to be a 
satisfactory mechanism by which a human observer might 
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predict the outcome of an interaction. It is likely 
therefore, that they are an effective mechanism by which 
Blue Pits might resolve agonistic contests. However sex 
per se may not be the mechanism itself, but rather a 
correlate of another more important asymmetry (such as 
size for example - male Blue Tits tend to be larger than 
females (see chapter 3)). Despite their obvious 
importance in intra-sexual contests, sex asymmetries are 
clearly not the only mechanism of contest resolution 
since they cannot apply when interactions involve two 
birds of the same sex. 
Age 
No statistically significant relationship between the age 
of the interactants and the interaction outcome was 
found. Nor were there any clear trends in either the 
actual or probable sex data sets which might indicate 
that a relationship would be identified were more data 
available . Similarly Hegner (1985), and Heber-Percy 
(1992) failed to demonstrate a relationship between 
social dominance and age in a captive population of Blue 
tits and in a wild population (the Ormiston population) 
respectively. However, Baker (1992) has shown that age 
(with sex) is significantly correlated with hierarchical 
rank in the Blue Pit. Adult males having higher rank then 
juvenile males which in turn have higher rank than adult 
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females who have higher rank than juvenile females. 
Although this relationship was found in only one of the 
eight hierarchies he studied, Baker (1992) demonstrated a 
significant trend in the same direction in all cases. 
Similarly older birds have been shown to be dominant with 
respect to younger opponents in a number of studies (as 
has already been discussed - chapter 5.1.1.2) (e.g. 
Arcese and Smith 1985, Garnett 1981, Glase 1973, Wilson 
1989). However, it has also been shown that it may be a 
covariant of age which is actually important and not age 
per se (e.g. Cristol et al 1990, Holberton et al 1990, 
Post 1992). 
A significant weakness of the current study is that age 
was measured at a relatively coarse level, birds were 
simply old (more than one year) and young (less than one 
year) (see chapter 3). It is possible that far more 
meaningful results may be obtained were it possible to 
age birds accurately and if larger sample sizes were 
available. Alternatively in a species like the Blue Tit 
with a short life span and high first winter mortality 
rate (Perrins 1979) it may be that the difference between 
being one and two years old is relatively unimportant in 
terms of experience or of dominating ability. 
The current data are not sufficient to allow reasonable 
conclusions to be drawn about the potential of age 
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asymmetries as a mechanism, or part of the mechanism, of 
contest resolution. 
Size 
From chapter 5 (table 5.5) it can be seen that size may 
be a correlate or predictor of agonistic interaction 
outcome in those interactions where a size asymmetry 
exists. The relationship concerned is statistically 
significant in the case of tarsus length, and although 
not statistically significant in the case of wing length, 
weight and length of head plus bill, the trends in the 
data are in the same direction: Smaller males are more 
likely to win than are their larger male opponents; and, 
larger females are more likely to win than are their 
smaller female opponents. These results are surprising 
given that size has been shown to be apparently 
unimportant in the majority of similar studies (see 
chapter 5.1.1.3) including that of Heber-Percy (1992) 
which involved the Ormiston population. However there is 
a precedent for finding a relationship between size and 
dominance in the Blue Tit: Baker (1992) has demonstrated 
that at the population level bigger birds (those with 
longer wings) tended to be higher ranked than smaller 
birds. At the dyadic level he found a statistically 
significant relationship between the relative sizes of 
the interactants and interaction outcome, but the 
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direction of the effect was variable. In some of the 
populations he considered smaller birds were most likely 
to win and in others bigger birds won most often. Perhaps 
more surprising than finding a relationship between size 
and interaction outcome is that in both this study and 
that of Baker (1992) the direction of the relationship is 
not the same in data sets involving male-male and female-
female interactions at a given site. 
It should be borne in mind that in this thesis the data 
concerning each of the measurements of size were drawn 
from the same small pool of birds (see chapter 5). Given 
that all of these biometrics are closely correlated (see 
chapter 3) it is to be expected that the observed trends 
support one another. Despite the fact that the biometrics 
considered are correlated with one another, several of 
them were included in these analyses in an attempt to 
ensure that if a size asymmetry was correlated with 
interaction outcome it would be detected. Some authors 
have considered a single biometric as an estimate of body 
size (e.g. Lekikoinen 1986) but others have shown that 
often a single measure does not correlate well with 
overall size (e.g. Murphy 1986, Rising 1987). It is more 
common therefore to consider a range of biometrics in the 
hope that by doing so a more accurate estimate of body 
size will be made (e.g. Baker 1992, Haftorn 1976, Garnett 
1981, Sandell and Smith 1991, Wilson 1989. However, 
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Freeman and Jackson (1990) have shown that even when 
several biometrics are considered, they may only explain 
40-60% of the variance in overall body size. This may 
explain why statistically significant relationships were 
not apparent for all of the measures considered in this 
study whilst the trends in the data were all similar - it 
could be that size is important but that only variation 
in tarsus length is particularly closely associated with 
variation in absolute body size. 
From the available data I conclude that within a sex, 
size is a possible correlate of agonistic interaction 
outcome. As such size asymmetries could be used as a cue 
to contest resolution, assuming that they can be 
accurately assessed by the interactants. This seems 
unlikely however, given that the direction of the 
relationship varies from site to site (Baker 1992). This 
would mean that a bird would need to 'recognise' the site 
and 'know' whether bigger or smaller would win at each 
location. Size asymmetries can clearly not be the only 
mechanism of contest resolution because dyads exist in 
which asymmetries are not apparent (the tied cases 
excluded from the analyses). 
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Plumage 
A number of authors have linked plumage variability to 
dominance and rank in studies of avian winter flocks 
(e.g. Rohwer 1975,1982, Watt 1986a,b, Jarvi et al 1987a, 
Wilson 1992a) (see chapter 5.1.1.4). In the Blue Tit 
Baker (1992) showed that male hierarchical rank was 
positively correlated with plumage brightness at a 
Scottish site. (However, he also claims that plumage 
brightness is related to sex (Baker pers coinm) and so 
this observation may simply indicate a relationship 
between sex and rank given the problems which arise when 
brightness is used as a means of sexing Blue Pits (Scott 
1993)). He found no such relationship at a second site, 
or any relationship at all in the case of the birds he 
considered to be females. In the current study both of 
the plumage variables investigated are statistically 
linked to the probability of winning an interaction 
(chapter 5, table 5.6). Males with blacker bibs are more 
likely to win than are their less black opponents (bib 
colour appears to be unimportant in the case of females) 
and, in both sexes, birds with more white feathering on 
their brows are more likely to win than are their less 
white opponents. These results suggest therefore, that 
the investigated plumage variables could act as status 
signals (i.e. low cost badges advertising status or 
dominating potential) in the blue tit (see chapter 
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5.1.1.4). Evidence that the effect observed is likely to 
be due to plumage variation and not to another closely 
correlated variable, in the Blue Tit, comes from an 
investigation of the relationship between the amount of 
white brow feathering and the various measures of size as 
discussed in chapter 3.3. It was demonstrated in that 
chapter that in the study population, i) the amount of 
white feathering on the brow was only weakly correlated 
with size in both males and females, and ii) (by 
regression analysis) that size is a poor predictor of the 
amount of white feathering on the brow, although a small 
positive relationship does exist. Thus as birds get 
bigger they have more white feathering, but this is not 
an isometric relationship. Brow whiteness is therefore 
varying largely independently of body size and thus 
cannot simply be regarded as a signal of size. As the 
analyses were carried out at the male-male or female-
female level, and male-female dyads were not considered, 
the fact that plumage varies with sex (see chapter 3.3, 
and Baker 1992) was not considered as a potential source 
of 'noise'. One potential area of 'noise' which was not 
investigated was the relationship between age and the 
amount of white feathering on the brow (older birds are 
whiter - see chapter 3.3). Investigations of plumage 
features as correlates of agonistic interaction outcomes 
should ideally involve only individuals of a single 
age/sex class (Whitfield 1987, Wilson 1992a). In this 
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study the birds were separated on the basis of sex, but 
not by age. This decision was made for two reasons: 
firstly, age was not found to be a correlate of either 
interaction outcome (chapter 5, table 5.4), or the amount 
of white feathering on the brow (chapter 3, table 3.4); 
and secondly sample sizes were not sufficient to allow 
this level of analysis (see chapter 5.3.2.2). 
Thus it would appear that plumage asymmetries may be 
related to contest resolution in the Blue Tit. However, 
as in the case of size, a large number of dyads did not 
involve an asymmetry (i.e. they tied and were excluded 
from the analyses) and so plumage asymmetries cannot be 
the only mechanism for contest resolution. As Jones 
(1990) observes, "the correlation of a plumage trait with 
dominance is not by itself evidence for signalling, since 
individuals could assert their dominance by other means, 
and plumage could simply be a correlated trait and not a 
signal". 
Interaction location. 
The location of an interaction between two birds has been 
shown to be an important determinant of agonistic 
interaction outcomes, and thus a correlate of rank, in a 
range of species (see chapter 5.1.1.5). This has been 
termed site related dominance (SRD) by Oberski and Wilson 
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(1991). Given the winter social organisation of the Blue 
Pit, in which flocks intermingle and space is divided 
into undefended, overlapping home ranges rather than 
discrete territories (Coiquhoun 1942, Ekman 1989), one 
would expect SRD in this species to take the form of 
gradual shifts in dominance favouring the individual 
nearest to the center of its home range (Ekman 1989, 
Oberski and Wilson 1991). In the current study SRD was 
investigated as an examination of the relationship 
between the distance from the winter interaction site to 
either a prior or subsequent breeding site and the 
relative dominance or rank of the interactants (chapter 
5). In addition the relationship between simply being or 
not being resident (a member of the breeding population) 
within the study area and being an interaction winner or 
loser was considered (chapter 6). 
Principal components analysis (chapter 6.6) suggested a 
weak tendency for residents to be dominant with respect 
to non resident opponents. Analysis of the data at the 
dyadic level showed no relationship between dominating 
ability and the distance to the nest site which had been 
used during the immediately previous breeding season 
(chapter 5, table 5.7); although the data sets involved 
were too small to rule out the possibility of a 
relationship. However, a relationship between the 
distance from the interaction site to the location of the 
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breeding territory used during the immediately subsequent 
breeding season does exist: male birds closer to their 
subsequent breeding site won interactions significantly 
more often than did their opponents who were farther from 
their subsequent breeding territories. (The same 
relationship was not apparent from the data concerning 
female dyads.) Similarly, when the same data were 
considered at the population level a significant 
correlation (positive) was found to exist only for male 
birds. Thus site-related dominance (SRD) appears to be a 
factor contributing to dyadic agonistic interaction 
outcomes in the Blue Tit, but only amongst males. This 
sexual difference is not altogether surprising given that 
it is male, rather than female, Blue Tits Which acquire 
and defend territories. The fact that the relationship 
with a site exists during the winter prior to that site 
being used for breeding suggests that territory 
attainment occurs during the non-breeding season (see 
chapter 4). Oberski and Wilson (1991) suggest that two 
forms of SRD may exist (see chapter 5.1.1.5): those cases 
in which individual dyadic dominance relationships and/or 
social status vary continuously with location; and, those 
varying discontinuously (i.e. having an abrupt reversal 
in dominance relationship). As has been previously 
mentioned, one would expect SRD in the Blue Tit to fit 
into the former category rather than the latter 
(Coiquhoun 1942, Ekman 1989). However, the current data 
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do not support such a simple scenario. Rather than 
fitting neatly into one or other of Oberski and Wilsons 
(1991) categories of SRD, the Blue Tit scenario appears 
to be intermediate. The data do suggest that at a feeding 
site the resident (during the breeding season) male will 
be high ranking and will win the majority of its 
interactions with male opponents, but that away from that 
site its rank will vary discontinuously. The current data 
do not however allow testing of the hypothesis that an 
abrupt reversal in rank will occur at a fixed distance 
between the home range (or territory) centres of any two 
birds (Oberski and Wilson 1991). During the course of the 
current study two undergraduate students (R. Bain (winter 
1990-91) and R. Heber-Percy (winter 1991-92)) carried out 
projects, at Ormiston, with the express intent of testing 
this hypothesis. In order to do so feeding stations were 
established at the centers (nest sites) of between three 
(1991-92) and six (1990-91) birds having adjacent 
territories. The sites were then observed throughout the 
winter and all interactions between colour ringed Blue 
Tits were recorded. The hope that the resident 
males from neighbouring feeders would be seen to interact 
providing baseline information about the relationships 
between them at specific sites. Having done so the aim 
was then to make observations at varying distances 
between the home range centr&s in order to establish 
whether or not an abrupt reversal in relationship would 
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occur. In fact the data collected were not sufficient to 
allow these questions to be addressed. As has been 
mentioned above, one effect of having a number of feeders 
present was that birds exhibited a preference for the one 
nearest to their home range (see chapter 4) interactions 
between males resident in the area of different feeders 
were rare therefore. A future attempt to address these 
questions would be better carried out in a large aviary 
in which either a number of birds could be allowed to 
establish territories, or in which strangers could be 
introduced to a territorial bird. Failing this it should 
be carried out in the absence of artificial feeders. 
However, if this were the this case it is likely that 
without the focus of a food site, it would become 
impossible to collect sufficient data. 
As described in chapter 6.1 a number of authors have 
investigated the proximate relationship between the 
performance of agonistic behaviours and the subsequent 
actions of interactants (e.g. Andersson 1976, Blurton 
Jones 1968, Bossema and Burgier 1980, Dingle 1969, Dunham 
1966, Nelson 1984, Poole 1989, Waas 1991) in a range of 
bird species including the Blue Tit (Stokes 1962a,b). 
These studies (and others) have pioneered the functional 
investigation of avian agonistic communication (Paton and 
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Caryl 1986) and have established a relationship between 
the performance of agonistic behaviours and the 
subsequent actions of both the performer of the behaviour 
and its opponent in the interaction. As a result it is 
widely accepted that agonistic behaviours have a 
communicatory role in agonistic interactions (i.e. they 
have signal function) (e.g. Moynihan 1955, Cullen 1966, 
Smith 1977, Enquist 1985). However exactly what is 
communicated is the subject of debate. It may be that 
these signals provide information to opponents about 
their relative levels of motivation to continue the 
contest (e.g. Bossema and Burgier 1980, Hinde 1981, Smith 
1977), about their relative fighting ability, or about 
other asymmetries in their relative resource holding 
potential (e.g. Enquist and Leimar 1983, McComb et al 
1994, Smith et al 1994) (see chapter 6.1). 
In the current study seventeen behaviours were recorded 
from Blue Tits involved in dyadic interactions at a 
winter food source. Some of these (FE, AR, LE, AD(ALL) 
and RE) are commonly recorded from birds not involved in 
agonistic interactions (pers obs, Heber-Percy pers comm, 
Wilson pers comm). In this study sixteen of them are 
considered to have a specific agonistic context (FE 
(feed) is the one which does not) and thus to have 
agonistic function (see chapter 6.4.1). (As previously 
stated, although the assumption is made that the 
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interactions which were recorded on video tape, and 
contribute to the analyses presented in chapter 6, are 
related to access to food because they took place at a 
feeding site, it is possible that they were related to 
some other factor such as access to mates, territories 
etc.) A number of the agonistic behaviours which were 
recorded are similar to (if not the same as) those 
described by Stokes (1962a) from his study of the Blue 
Tit, and by Wilson (1989) from his review of the 
agonistic behaviour of a range of passerine species. The 
correspondence between the repertoire described for the 
Blue Tit and those species reviewed by Wilson is to be 
expected for a number of reasons including: a) There are 
a limited number of physical postures which can be 
performed by a bird and given that all birds have the 
same basic body plan, one would expect them to perform 
the same basic set of behaviours (Andersson 1980). This 
commonality of form does not however, necessitate 
commonality of function; b) While commonality of function 
is not an absolute consequence of commonality of form, it 
may be expected amongst closely related species (such as 
the passerines), especially those which form multi-
species flocks, as do the paridae (Perrins 1979). This is 
because it may reduce the ambiguity of interspecific 
signals so that they cannot be easily misinterpreted 
(Cullen 1966). However, the role of interspecific 
encounters in shaping the evolution of display postures 
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remains largely uninvestigated. Heber-Percy (1992) found 
that inter species dominance relationships between 
members of the paridae (Great Tit, Blue Tit and Coal Tit) 
showed a high degree of directional constancy related to 
asymmetries in the mean sizes of the species such that 
the larger species were dominant with respect to the 
smaller ones. This suggests that displays play a small 
role in resolving interspecific encounters and 
interspecific 
1
.displays appear to be 
less common than display within a species (Heber-Percy 
pers comm). 
Body ruffling provides an example of the same display 
having different meanings in closely related species. 
Piaskowski et al (1991) have interpreted the body 
ruffling posture of the Black-capped Chickadee as having 
a function in maintaining individual distance and gaining 
access to food, rather than being involved in pair 
formation as has been suggested for other parids (e.g. 
Ficken et al 1985, Fitter 1973, Hinde 1952). Piaskowski 
et al (1991) found that body ruffling precedes an attack, 
a finding that is contra to the findings of Stokes 
(1962a) who interpreted body ruffling in the Blue Tit as 
a submissive display and a predictor of the tendency for 
the displaying bird to flee. 
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The principal components analysis PCA3 presented in 
chapter 6.6.1 suggests that a number of types of 
interaction might be distinguished, based upon the 
behaviour of the interacting birds. In some interactions 
(simple supplants) no agonistic behaviours are performed 
but the interactions still have a clear dominant (winner) 
and subordinate (loser). In others bird A, the initial 
resource holder, was successfully challenged by bird B 
which performed agonistic behaviours (i.e. bird A left 
the food site and was the loser). A third subset of 
interactions appear to have begun in the same way, but 
rather than A leaving after B's agonistic behaviour, A 
also performed agonistic behaviours and it was B that 
left the food site (i.e. the challenge was an 
unsuccessful one). In a fourth category of interaction 
the two birds appear to have shared the food resource. 
An interesting area of future research might involve 
comparison of the interactants in these various types of 
interaction. For example, are familiar birds more likely 
to share the food? Are strangers, or birds with similar 
social histories and few physical asymmetries more likely 
to be involved in those interactions where both parties 
perform agonistic behaviours? Or, conversely are birds 
with clear asymmetries in history or ASAs more likely to 
be involved in interactions involving no agonistic 
behaviour? Such analyses were not carried out in this 
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thesis due to the fact that the data set did not contain 
the necessary level of information about the histories 
and attributes of the interacting birds recorded on video 
tape. This was because some birds were ringed prior to 
the study and never re-caught, during the first winter a 
complete set of biometrics was not collected from early 
caught birds (the procedure was under development) and, a 
number were ringed as chicks in the nest and were neither 
re-captured for measurement or sexed during the period of 
the study 
Thus whilst agonistic behaviours might have a role in the 
resolution of some contests between Blue Tit dyads, they 
are not always involved and so are not the sole mechanism 
of contest resolution (as has already been demonstrated 
in chapter 7.4 and will be discussed further in chapter 
7.6). The remainder of this chapter is concerned with a 
discussion of the role of agonistic behaviours in those 
interactions from which they were recorded. 
Stokes (1962a) demonstrated that some of the agonistic 
behaviours recorded from Blue Tits could be used by a 
human observer to predict the probability that a) the 
behaving bird would attack, flee from, or stay with its 
opponent and, b) the opponent would attack, flee from, or 
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stay with the behaving bird. He argued that through the 
performance of these behaviours birds were able to 
predict the probability of their opponents' subsequent 
actions and therefore had the opportunity to react 
appropriately. Thus communication (about strategic 
intentions and therefore motivation to continue the 
contest) had occurred, the agonistic behaviours could be 
awarded signal status and could be termed agonistic 
displays (see discussion in chapter 6.1.1). In the 
current study attack was rare (see chapters 6.8 and 7.2) 
and so rather than attempt to elucidate the proximate 
relationship between the behaviours performed and the 
subsequent actions of the interactants, it was decided 
that the relationship between behaviour performance and 
being the interaction winner or loser would be 
investigated instead. In fact this does not greatly 
reduce the comparability of this study and that of Stokes 
(1962a). I would argue that his attack is probably 
analagous to my winning ( given that attack and winning 
were closely related in those cases that attack was 
recorded in the current study (see chapter 6.8)), and his 
flee and my lose amount to the same thing. Also the fact 
that Stokes (1962a) was unable to predict attack with a 
high degree of certainty (when the conceptual framework 
of the time suggestthat he should be able to) has been 
a major criticism of his work by Caryl (Caryl 1979, Van 
Rhijn 1980). A criticism which had in part been pre- 
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empted by Hinde (1974) who stated, "when the behaviour of 
the signaller depends in part upon the behaviour of the 
signalee, it (the behaviour of the signaller] will not be 
precisely predictable from the signal." This seems to be 
one logical explanation of the fact that agonistic 
display interpretations have some 'noise' associated with 
them in that they rarely come close to 100% accuracy 
(although Stokes (1962a) did achieve more than 90% 
accuracy in predicting escape based upon the performance 
of crest erect and fluffed body displays). Caryl (1979) 
however, disagreed feeling that this explanation merely 
blunted the traditionalist argument and strengthened his 
argument supporting the application of games theory to 
the investigation of agonistic communication. More 
recently Johnstone and Grafen (1993) (applying games 
theory) have shown that we should not expect 100% levels 
of accuracy in the association between displays and the 
actions they are presumed to predict are not to be 
expected. This is because the range of signallers and 
signalling strategies in a population will make it 
possible for an amount of dishonesty on the part of 
signaller, and therefore unreliability in the 
interpretation of the signal, to be an ESS in a signal 
system. (This is despite the earlier assertations of 
games theorists basing their arguments on simplistic 
models like the War of Attriti Model (Cary]. 1979, 
1982a,b, Maynard Smith 1974,1982,1984).) The 'noise' in 
Page - 280 
the system will make it necessary for signal receivers to 
accept signals only 'on-average' (see chapter 6.1.1). 
Further (and perhaps most importantly), given that the 
basic function of agonistic communication is widely 
accepted as being to allow the avoidance of costly overt 
fighting (e.g. Bossema and Burgier 1980, McComb et al 
1994, Robertson 1986, Rosenberg and Enquist 1991, Scherer 
1985, Tinbergen 1952), one should surely not expect 
displays communicating a threat (intent to escalate to a 
more costly level of contest) to be followed by fights 
100% of the time. If they were, the system would not be 
working. By the same argument it should be possible to 
predict escape with a high level of reliability, as is 
often the case (e.g. Andersson 1976, Dunham 1966, Stokes 
1962a). 
Thus attempting to find a proximate link between the 
signal and attack may not be so fruitful an area of 
research as attempting to find a correlation between the 
signal and winning the interaction. 
In chapter 6.7 it was demonstrated that the agonistic 
behaviours considered might be separated into three 
categories: a) those performed most often by birds in the 
winning role in a dyad; b) those performed most often by 
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the birds in the losing role in a dyad; and, c) those 
performed equally often by winners and losers. 
Clearly those in this final category cannot be used to 
predict interaction outcome, and so cannot be given 
signal status in the present context. These were the 
behaviours WF, ND, BH, and FE. One would not have 
expected FE (feed) to have been a predictor of 
interaction outcome, because feeding is an action which 
does not have a clear agonistic context (see chapter 
6.4.1). However, given that social dominance (winning) 
may control an individual's level of access to food 
resources (e.g. Andersson and Ahlund 1991, Baker 1992, 
Ficken et al 1990, Keys and Rothstein 1991, Popp 1987) 
one might have expected winners to feed more than losers. 
If this were the case FE would have been positively 
associated with the winning role. The analyses presented 
in chapter 6 are not sufficient to allow a firm 
conclusion to be drawn about the relationship between 
access to food and dominance status in the Blue Tit 
because feeding was recorded at a relatively coarse 
level. In the analyses contributing to chapter 6.6 FE was 
scored at a yes/no level for each interaction and so a 
single peck at the food source was considered as being 
equivalent to a prolonged feeding bout. A finer scale of 
analysis, perhaps timing the feeding bouts of 
individuals, or counting the numbers of pecks made, might 
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have resulted in the identification of a positive 
relationship between dominance and feeding in the Blue 
Tit, as has been previously demonstrated by Baker (1992). 
As a result of his analyses, Stokes (1962a) concluded 
that the behaviour he termed body horizontal (assumed to 
be equivalent to BH) was a predictor of a high 
probability that the performer would attack its opponent. 
Assuming Stokes' attack and my wining to be equivalent 
(or very closely related, see above), one might have 
expected BR to predict winning. In fact although it was 
not found to be statistically significantly associated 
with winning (see chapter 6.7) it was associated with the 
role of the winner (as opposed to that of the loser) in 
66.6% of those dyads (N = 27) from which it was recorded. 
It is possible that a larger data set would have produced 
the statistical result expected following Stokes' (1962a) 
earlier work. It is also possible that Anderssons' (1980) 
Bluff Hypothesis model, which explains the range of 
displays operating within a system, may provide an 
alternative explanation (see below). 
The behaviours CE and RE were associated with the losing 
role, while the behaviours AGG, NE, HD, BO, TA(D), 
WO(ALL) and AD(ALL) were significantly associated with 
the winning role, in those dyads from which they were 
recorded (see chapter 6.7). Thus a range of behaviours 
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can be used (by the human observer) to predict 
interaction outcomes and can therefore be awarded signal 
status (and termed agonistic displays) in the same way 
that other workers have been able to award signal status 
to the behaviours they described (e.g. Andersson 1976, 
Bossema and Burgle 1980, Dunham 1966, Nelson 1984, 
Piaskowski et al 1991, Popp et al 1990, Stokes 1962a). 
NE, WO(ALL), and TA(D) were all awarded signal status by 
Stokes (1962a) who classed them as being signals 
predictive of attack - threat displays. He also classed 
CE as a signal of intent to escape. Thus the findings of 
Stokes (1962a) and the current study concur. In both 
studies the behaviours are shown to be agonistic 
displays, and the studies agree upon which behaviours are 
associated with subordinance and which with dominance. 
However none of the displays was performed in every 
interaction and, none of the displays are associated with 
a particular outcome in 100% of the dyads in which they 
did occur and were associated with either the winning or 
losing role. The two subordinance displays CE and RE were 
associated with the losing role in 65% and 68% of those 
dyads from which they were recorded and the dominance 
displays (AGG, NE, MD, BO, TA(D), WO(ALL) and AD(ALL)) 
were associated with the winning role in between 65% and 
80% of those dyads from which they were recorded. 
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Contra to the findings of Stokes (1962a) (and Caryl's 
interpretation of them (Caryl 1979)), it would appear 
that in the current study when signals were recorded 
during interactions winning was generally predictable at 
a higher level of accuracy than losing (see chapter 6.7) 
(assuming that Stokes's threat and submission are closely 
related to the win and lose of the current study.) This 
difference is probably due to the fact that the current 
study investigated the relationship between signals and 
outcomes rather than between signals and subsequent 
actions as discussed above. 
As has been previously discussed (see chapter 6.1.1), 
agonistic displays amongst the vertebrates rarely consist 
of a single behaviour performed at typical intensity 
(Bond 1989). Rather, would appear that as in the Blue 
Tit, a variety of signals are employed (Andersson 1980), 
or the magnitude of one or several postural elements of 
the display vary (Brown 1964, Lorenz 1966, Serpell 1982, 
Wilson 1994).1 asituation which initially seemed 
paradoxical to proponents of games theory (Bishop and 
Canning 1978, Caryl 1979, Norman et al 1977, Maynard 
Smith 1974, 1982, Maynard Smith and Price 1973), but 
which has more recently been shown to be consistent with 
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the predictions of some models (Andersson 1980, Enquist 
1985). 
The traditional ethological explanation of the existence 
of a range of threat (dominance) displays has been that 
each of them is adapted to one of a limited number of 
situations (different levels of a threat, or different 
types of threat) (e.g. Tinbergen 1959) .1I view 
could be supported in part by the data of Wilson (1989, 
1992b) who showed that male Great Tits perform one set of 
agonistic behaviours during contests involving food 
resources and a second set during contests related to 
territory. Similarly Andersson (1976) showed that Skuas 
use different territorial threat displays in the presence 
of different types of intruder which represent different 
levels of risk. From this it is possible to propose the 
hypothesis that each of the dominance displays of the 
Ormiston Blue tits are used by different types of 
individual in a range of contest situations. 
The data available from the current study were 
insufficient to formally test this hypothesis for the 
reasons outlined above (see chapters 6 and 7.5) (i.e. 
that little or no information about the biometrics, 
histories or social status was available for many of the 
interactants recorded on video tape). A limited amount of 
such information was available and was included in the 
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principal components analyses described in chapter 6.6.1 
(the probable sex of the interactants, whether or not 
they were residents in the study area, their biometrics, 
and the relative distance from the interaction site to 
their nest sites). In addition chapter 6.5 compared the 
behavioural repertoires of males and females. There was 
insufficient data to investigate some of the variables. 
However, no displays were found to be particularly 
closely associated with either the probable sex of the 
interactant, or with its residence status. 
From these results it is possible to suggest that it is 
unlikely that any of the displays are related to 
territory in the Blue Tit in the way that they appear to 
be in the Great Tit (Wilson 1989, 1992a). If this were 
the case one might expect an association between displays 
and being a resident male. The data are not however, 
sufficient to support a conclusive statement about the 
hypothesis that different displays are tailored to 
different situations. 
In an attempt to determine whether or not some of the 
dominance displays might be directly related to an 
individualls motivation to continue the contest, or about 
the level of importance the displaying bird attributes to 
the contested resource, an experiment was designed during 
the final data collecting season of the project (winter 
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1991-92). It had been previously demonstrated that hunger 
can cause a reversal in the established dominance 
relationship between captive House Sparrows Passer 
domesticus (Andersson and Ahiund 1991). It was therefore 
hypothesised that in the Blue Tit one would expect 
displays associated with a high level motivation to feed 
to be exhibited by a usually subordinate bird which had 
been deprived of food and then given the opportunity to 
contest a food resource in the presence of its usually 
dominant opponent. It was predicted that the displaying 
bird would communicate its motivation, or its heightened 
probability of fighting (resulting from its high level of 
feeding motivation), to its opponent. In order to test 
this hypothesis a three stage experiment was designed. 
Stage one would involve the capture of two Blue Tits that 
would be housed together • (with a plentiful supply of 
food) for a period of days during which the dominance 
relationship between them would be established. They 
would then (in stage two) be separated for a period of 
time and the subordinate would be deprived of food for an 
appropriate short period. Finally (in stage three) the 
birds would be re-united in the presence of a food 
source. It was assumed that during this stage a dominance 
reversal would be observed and that agonistic displays 
would be recorded from the food deprived bird. 
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Unfortunately aviary accommodation was not available and 
so a single large cage was built and positioned in a 
sheltered area of the walled garden where it could be 
viewed from the hide. The cage measured 150cm (long) x 
75cm x 75cm and could be divided to form two 75cm cubes 
during stage two of the experiment and also during the 
necessary acclimatization period, when the birds were 
housed separately. The birds were caught and caged 
under licence from Scottish Natural Heritage. 
The experiment was not a success. A total of ten birds 
were captured. They were taken in pairs and placed singly 
into the two halves of the cage. No data were collected 
because none of the birds settled down sufficiently 
during the acclimatization phase. Three birds died and 
after five weeks the experiment was abandoned. It was 
felt that the experiment (with some refinements), would 
have had more success if it had been carried out in a 
large aviary where it would be possible to manipulate 
agonistic displays in the proposed way and so tease apart 
the messages they might contain. 
As discussed previously (see chapter 6.1.1) Ander+n 
(1980) has also proposed an explanation for the variety 
of threat displays commonly recorded from a single 
species. His model, the Bluff Hypothesis, is based upon 
an 'arms-race' driven by a process of frequency dependent 
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selection. The model makes a number of specific 
predictions which can be considered in light of the 
current data: 
That a range of agonistic behaviours will exist and 
that they will be performed at a range of frequencies. 
The current data show that this is clearly the case (see 
chapter 6, table 6.2). For example of the seven dominance 
displays identified, AD(ALL) was more than thirteen timeS 
as common as BO (in terms of the numbers of interactions 
from which it was recorded). Infact the displays were 
recorded in the approximate ratio; 
1 80 : 3 AGG : 3.5 HD :4.5 TA(D) : 7 W0(ALL) : 10 NE : 14 AD(ALL) 
That there should be a greater variety of predictors 
of attack than of escape. In the current study attack and 
escape were assumed to be related strongly to winning and 
losing and so this prediction of the model can be re-
worded as - there should be a greater variety of 
dominance displays than of submission displays. This is 
clearly the case in the current study where seven 
dominance displays and two submission displays were 
identified. 
That the behaviours which have current signal function 
will have a range of levels of reliability, but that the 
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range of reliabilities will be relatively small. In the 
current study those behaviours which were shown to be 
dominance displays did have a range of levels of 
reliability, and the range was relatively small (65% - 
80%) (based on the data presented in chapter 6, table 
6.14). (It should be noted that a relatively small range 
of reliabilities of displays is an inevitability of this 
type of study given that behaviours are designated as 
displays simply because they are effective and so the 
distribution of their reliabilities will cluster towards 
the upper area of the range.) 
D) That some agonistic behaviours should exist which are 
rare and have low levels of association with both 
dominance and subordinance. These are behaviours that 
have been/will be reliable displays but which are not 
currently 'in use' as displays. As has been previously 
discussed, Stokes (1962a) considered the behaviour BH to 
be a signal of aggressive intent (a threat display) in 
the Blue Tit. In the current study BH was not found to be 
statistically related to winning, but a non-significant 
tendency for a relationship was apparent. Is it therefore 
a display which has recently become unreliable, or is 
about to become reliable, in this population? Further, a 
range of behaviours which had an agonistic context were 
recorded, but these were relatively rare and did not have 
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levels of association with winning or losing sufficient 
to warrant their designation as displays. 
The data collected in the current study appear therefore 
to support the Bluff Hypothesis model proposed by 
Andersson (1980). It thus seems likely that the range of 
agonistic displays exhibited by the Blue Tit in the food 
competition context investigated, is a consequence of the 
message being one which is liable to cheating. The 
hypothesis is a weak one however, because it is extremely 
difficult to test formally. To do so would require a long 
term study of the continuing evolution of the signalling 
system, a daunting task indeed, if possible at all. 
7.6 Conclusion 
The data presented in this thesis do not suggest that a 
single mechanism is responsible for dyadic interaction 
resolution in the Blue Pit. Rather a number of factors 
appear to be involved. This discussion refers to 
proximate mechanisms influencing the outcome of 
interactions rather than to the motivational causation of 
displays. 
What is clear is that interaction outcomes are highly 
predictable. The dominance relationships which exist 
between individual dyads of Blue Pits show a high degree 
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of directional constancy and so the resolution of 
contests is unlikely to be under stochastic control (see 
chapter 5.3.1). 
Escalated overt fights between two Blue Tits were not an 
effective interaction resolution mechanism in that the 
majority of them did not result in a clearly defined 
winner and loser. In most cases neither bird ultimately 
had access to the contested food resource after a fight. 
Thus fighting is a costly strategy in that it involves 
energy expenditure and risk of injury but appears to have 
no guarantied gain (in the context of access to the food 
resource). It is therefore not surprising that fights 
were rare events in the conditions under which the 
observations were made (accounting for less than 1% of 
those interactions recorded on video tape) (see chapter 
6.8). However, low level overt fights (single pecks) 
which did appear to be an effective resolution mechanism, 
in the sense that the pecking bird did gain sole access 
to the food resource a significant proportion of the time 
were similarly rare (accounting for c.2% of those 
interactions recorded on video tape) (see chapter 6.8). 
It would appear therefore, that in this system escalated 
overt fighting has been selected against, whilst one or 
more alternative strategies for contest resolution have 
been favoured (see chapters 5 and 6). This would be 
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predicted from the literature in situations where fights 
have a potential high cost such as loss of access to food 
or risk of injury (e.g. Gauthreaux 1981, Tinbergen 1952, 
McComb et al 1994, Maynard Smith and Parker 1976, Maynard 
Smith and Price 1973, Parker 1974, Robertson 1986). 
As has been stated, low level fighting (pecks) was also 
rare. It is possible that this has also been selected 
against in the current context because it represents a 
potentially costly strategy. Perhaps all of the escalated 
fights were initiated as a single peck. The testing of 
such an hypothesis was not attempted in the current study 
due to the problems involved in deciding when an 
escalated fight starts. 
From the analyses and investigations which have been 
presented in chapters 5 and 6 a number of potential 
proximate mechanisms by which contests may be resolved 
have been identified. 
Of the animal specific attributes (ASAs) investigated, 
asymmetries in a number of these were found to be related 
to dyadic interaction outcome: Males were found to win 
more often against female opponents than vice versa (see 
chapter 5, table 5.3). In intrasexual dyads, size 
asymmetries (see chapter 5, table 5.5) and differences in 
the amounts of white feathering on the brows of the 
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interactants (see chapter 5, table 5.6) were related to 
contest outcomes, in both sexes birds with more white 
feathering won contests against less white same sex 
opponents. Males with blacker bibs won interactions 
against less black male opponents (see chapter 5, table 
5.6). Male birds close to the area which would become 
their breeding territories during the following spring 
won more often than did their opponents which were 
'further away' (see chapter 5, table 5.7). 
Of the agonistic behaviours investigated, a number were 
identified as having potential agonistic signal function 
in that they may be used (by the human observer) to 
predict the outcomes of contests. Of these, two (CE and 
RE) were identified as signals associated with their 
performers losing contests (see chapter 6) and seven 
(AGG, NE, BO, TA(D), WO(ALL), and AD(ALL)) were all 
associated with their performers winning contests (see 
chapter 6). 
Thus the question presents itself, 'why are there 
apparently so many proximate mechanisms of contest 
resolution in this system?' 
It may be that the variety of agonistic displays in the 
Blue Pit repertoire is a consequence of the fact that 
each display serves as a mechanism for the resolution of 
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a particular interaction type (Andersson 1980, Tinbergen 
1959, Wilson 1989, 1992a). However, the data which relate 
the probable sex of the interactants, or their residence 
status, with display performance do not suggest that the 
different displays recorded from Blue Tits in the current 
context were related to particular interaction types (see 
chapters 6.5, 6.61 and 7.5.2). There is some evidence to 
suggest that an explanation based on the idea that 
different mechanisms are involved in the resolution of 
different interaction types might be sufficient to 
explain the variety of ASAs which are apparently related 
to contest resolution (see chapter 5). 
The sex of the interactants is clearly a highly important 
determinant of interaction outcome in intersexual 
contests. Obviously at least one other mechanism of 
resolution using ASA5 is therefore needed for intrasexual 
interactions. Further some of the potential mechanisms 
appear to be sex specific; bib colour and the relative 
locations of breeding territories both appear to be 
unimportant in female-female dyads, but important in 
male-male interactions (see chapter 5, tables 5.6 and 
5.7). It seems that one might argue therefore, that the 
different ASA asymmetries may indeed be important in 
specific types of interaction. This suggests that future 
work to investigate the importance of ASA asymmetries as 
a mechanism by which Blue Tit contests might be resolved 
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should build on the current study in two important ways: 
A) Data should be collected from a range of known 
contexts. Examples might include contests involving two 
birds of the same age, size and sex with different 
motivations to feed due to a hunger asymmetry; or, two 
territorial birds on 'neutral ground'; or, one 
territorial bird on its territory and one intruder etc. 
If sufficient data from a range of contexts could be 
collected it might be possible to amplify the context 
specific uses of ASA5 hinted at in the present study. It 
is likely that such a study would be best carried out 
under controlled aviary conditions; B) The full range of 
ASA asymmetries should be investigated simultaneously and 
information about the contexts of the interactions should 
be included in the analysis. In such an analysis the 
complimentary or synergistic properties of the ASAs as 
mechanisms of contest resolution could be investigated. 
Such an approach would also benefit from controlled 
aviary conditions, but would be possible in the field if 
a sufficiently large and detailed (in terms of individual 
histories) data set could be obtained. 
It has already been stated that the current data 
regarding the range of agonistic displays in the 
repertoire of contesting Blue Tits, in the current 
context, do not support the argument that the range of 
displays exist because they are involved in the 
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resolution of different interaction types (see chapter 
7.5.2). Rather it appears that Andersson's Bluff 
Hypothesis (Andersson 1980) better explains the range of 
signals identified. The data support predictions drawn 
from the model and thus suggest that the agonistic signal 
system of the Blue Tit is a dynamic one constantly 
evolving due to a process of frequency dependent 
selection akin to an 'arms race'. However, as previously 
stated this hypothesis is a weak one due to the 
difficulties involved in testing it formally. 
Alternatively it is possible that the range of ASAs serve 
to provide interactants with information about the 
identities of their opponents and that individual 
recognition and prior experience are the actual mechanism 
of contest resolution (Prior residence in itself may not 
be a factor which aids recognition but the behaviour 
patterns associated with perceived 'ownership' of the 
territory and which facilitate the association (by the 
information gatherer) of the owner with a location 
might). It is possible that agonistic displays also have 
a supporting role in this mechanism in that the posturing 
they involve emphasises particular physical characters of 
the performer and so facilitates recognition. This is an 
area that is worthy of further study. 
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Also worthy of further study is the idea that a hierarchy 
of 'choices' is set in motion when two birds meet and 
that some asymmetries result in an immediate resolution 
of the contest, whereas in cases where this asymmetry is 
small or absent reference to secondary asymmetries or 
escalation to display is necessary. 
In summary the current study identified a range of 
potential proximate mechanisms of contest resolution, 
asymmetries in animal specific attributes and the 
performance of specific display behaviours. It has also 
indicated possible explanations of the fact that there 
are a number of them. It does not however elucidate the 
causal motivational mechanisms involved. For example, the 
association between NE (nape erect) and winning has been 
investigated, but not whether different levels of nape 
raising are associated with different levels of threat. 
Such investigations are the obvious next step for a study 
of this kind. In order to proceed to answer questions 
about the causation of behaviour patterns, about the 
content of the message conveyed between interactants, I 
feel that a detailed study of a captive population of 
Blue Tits (which could be manipulated), or a study of a 
small stable population of a species other than the Blue 
Tit is essential. 
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I also feel that it is likely that whatever the mechanism 
the individuality of the interactant and its motivation 
to continue in the contest (which is related to its 
perceived value of the contested resource) will introduce 
an element of 'noise' into the system which may make its 
perfect elucidation impossible. 
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Sexing members of a Scottish Blue Tit Paris caeruleus 
population in the hand during the winter months 
G.W. SCOTT The Institute of Cell, Animal and Population Biology, The University of 
Edinburgh, Kings Buildings, West Mains Rd., Edinburgh, EH9 3)71 
Attempts were made to sexmist netted Blue Tits during the winter months of 1989-90, 
1990-91 and 1991-92. Wing length was notfound to be a reliable indicator 0/sex The 
degree of blueness of the feathers was of limited use in separating the sexes. 
Discriminant AJZalySis using five body measures (wing length, weight, tarsus length, 
head plus bill length, and the amount of whitefeatheringon the brow) produced a linear 
function which separated males and females from the study population with 
approximately 70% accuracy. 
Behavioural 	studies 	of 	sexually monomorphic bird species are often 
hampered by the inability of an observer to 
accurately sex Individuals of the studied 
population. For example from studies of winter 
flocks of Blue Tits Parus caeruleus, It has been 
shown (Scott In prep.) that knowledge of the 
sex of an individual is fundamental to an 
understanding of its social behaviour. Given 
that a high proportion of first winter Blue Tits 
die never having become territorial (Perrins 
1979), inability to sex birds outside of the 
breeding season effectively means the loss of 
large proportions of some data sets. Winter 
sexing methods are therefore of prime 
importance. 
In common with many other passerine 
species, Blue Tits can be sexed easily during 
the breeding season. Males sing and perform 
territorial displays (Stokes 1960) and develop 
an obvious cloacal protuberance (Svensson 
1992). Females Incubate the clutch (Perrins 
1979) and develop a brood patch (Svensson 
1992). During the winter months, when the 
majority of birds are caught for ringing, these 
techniques cannot be used to separate the 
sexes and several alternative methods have 
been suggested in the literature. 
Perrtns (1979) stated that males are 
considerably brighter than females, especially 
In the blue colour of the head and inner wing 
Present address: Department of Marine Sciences 
and Coastal Management, University of Newcastle 
upon Tyne, NEI 7RU.  
coverts. This difference was considered to be 
sufficient to separate the sexes in the hand, but 
not in the field. He also observed that birds 
became brighter with successive moults. 
Svensson (1992) stated that, after practice, 
75% of Blue Tits or more may be sexed 
following their juvenile moult, males being 
bluer and brighter than females, having a 
wider collar and longer wings. However the 
overlap between the sexes in these characters 
in his sample was considerable and with the 
exception of Sellars (1985) there are no 
published studies which have tested this 
claim. Flegg and Cox (1977) stated that 
variations in blueness, whilst adequate as an 
ageing criterion were not necessarily useful as 
a means of separating the sexes. They showed 
that the wings of males were longer, on 
average, than those of females but that overlap 
between the sexes and age groups was 
considerable. 
Discriminant Analysis, a multivariate 
statistical technique, can be applied to a 
population of seemingly sexually 
monomorphic individuals in order to separate 
them Into discrete groups on the basis of size 
(Manly 1990). Discriminant Analysis achieves 
separation of the groups by taking Into account 
the degree of difference between individuals 
in a number of body measures rather than by 
relying upon just one (such as wing length). If 
It can be shown that birds of known sex fall 
into different size groups the method provides 
a powerful way of predicting the sex of other 
individuals in the population. By applying 
Discriminant Analysis to a population of 
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Black-capped Chickadees Parus atrica p11/us 
Desrochers (1990) was able to sex birds with 
more than 90% accuracy, based on a 
combination of body measures recorded at the 
time of ringing. This method has been 
successfully used to sex a variety of other 
species including Rooks Corvus Jritgilegus and 
Jackdaws C. moneduta (Green 1982, Green 
and Theobald 1988), Moorhens Galilnula 
chioropus (Anderson 1975) and Fulmars Fulmarus 
glacialls (Dunnet and Anderson 1961). 
The aim of this study was primarily to 
investigate the reliability of the sexing 
techniques outlined above (wing length, collar 
width, blueness, and Discriminant Analysis) 
with reference to a particular Scottish 
population. The reliability of these techniques 
was tested by comparing the sex predicted by 
each of them with the actual sex of birds from a 
study population sexed during the breeding 
season. 
METHODS 
The study area and study population 
The work was carried out in an area of approximately 
35 ha of mixed woodland and mature gardens in 
East-Lothian, Scotland (NT 412 660). Birds were 
captured in mist nets for winter sexing from 
November to March during the winters of 1989-90, 
1990-91 and 1991-92. The majority of birds in the 
population were individually recognisable by virtue 
of a unique combination of one standard BTO ring 
and three coloured celluloid rings (two rings per leg). 
The actual sex of as many birds as possible was 
established during the breeding season of 1990, 
1991 and 1992. These birds were observed carrying 
out sex specific territorial and breeding behaviour, 
i.e. male singing or courtship and female courtship 
or nest building. They were also caught at the nest or 
In mist nets placed near to occupied nest sites and 
sexed in the hand (Svensson 1992), females having 
obvious brood patches and males having definite 
cloacal protuberances. A number of male birds were 
also identified because they sang Immediately upon 
release. The breeding population consisted of 
approximately 25 pairs per season and It was 
estimated that the population in winter varied 
between 100 and 300 birds. 
Biometric collection 
At each winter capture, birds were aged on the basis 
of contrast in colour between the primary and 
greater covert feathers (Svensson 1992). Those In 
their first winter were classified as "young" and 
birds in their second (or third etc.) were classified as 
"old". Measurements taken from each bird included 
length (maximum chord) of the right wing (to the 
nearest 1 mm); right tarsus length (to the nearest 0.1 
mm) (using dial reading callipers); weight (to the 
nearest 0.5 g); the distance from the bill tip to the 
back of the skull (to the nearest 0.1 mm) (using dial 
reading callipers); and the amount of white 
feathering on the brow (to the nearest 1 mm). The 
latter was measured as a line from the highest point 
of the bill-skull juncture, across the centre of the 
crown, to the point at which the white feathers are 
replaced by blue ones. All measurements were made 
by the author in order to maximise repeatability and 
minimise error. No estimates of the author's level of 
repeatability in collecting biometrics are presented. 
However, observations made during ringing 
sessions suggest a sufficient level of repeatability (i.e. 
within the range prescribed during standard BTO 
training). The majority of birds were captured only 
once per winter. Some birds however were captured 
more than once. A mean of each measure was 
calculated for these birds and thus they are included 
in the data set only once. Some birds were re-
trapped during successive winters. It would have 
biased the study of age differences to include these in 
both the age classes or to calculate a mean between 
years and so these birds were assigned randomly as 
being either young or old and included in the data set 
only once. 
Sexing birds on the basis of blueness 
Birds were categorised as either male or female 
based solely on the brightness of the blue feathering 
of the crown, wings and tall by one of three 
observers (including the author) who had no prior 
knowledge of a bird's actual sex or wing length 
(although obviously an experienced ringer would be 
able to judge the size of a bird during handling). 
Observers were aware of the age of the bird and of 
the fact that blueness increases with age (Perrins 
1979). All observers were experienced at handling 
Blue Tits and familiar with the full range of colour in 
the study population. 
It was decided not to investigate collar width. This 
measurement is physically extremely difficult to take 
from a live bird and has already been shown to be of 
little, if any, use as a means of sexing Blue Tits 
(Sellars 1985). 
Discriminant analysis 
Direct entry Discriminant Analysis was carried out 
using the MINITAB computer statistics package 
(Ryan et aL 1989) using all of the biometrics taken 
from 25 known males and 28 known females (wing 
length, weight, tarsus length, head plus bill length, 
and the amount of white feathering on the brow). 
This multivariate statistic uses a linear combination 
of the body measures in a way that best separates the 
sample into two distinct groups, males and females. 
As the sample was composed of birds of known sex it 
was possible to establish the percentage of cases 
which were correctly classified by the linear 
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function and thereby assess its accuracy. This means 
of assessment is not ideal as it over estimates the 
performance of the function because the birds being 
assessed are the same birds that were used to 
produce the function (Lachenbruch 1975). A better 
assessment of the function's reliability Is gained by 
applying a technique known as "Jack—knifing". By 
this process birds are removed from the data set one 
at a time and the analysis Is carried out on the 
remainder. The discriminant function is then used to 
assign predicted group membership to the removed 
case. This is repeated until all cases have been tested 
and the final reliability estimate is based upon the 
percentage of cases which were correctly assigned. 
RESULTS 
Sexing birds on the basis of blueness 
Three observers assigned 182 birds (122 
Individuals) to a sex group based solely on 
winter blueness. On eight occasions (six 
individuals) no decision could be reached. 
Only the results for the 23 individuals (36 
captures) of known actual sex are discussed 
here. No decision could be reached for two of 
the 36 captures (one known to be male and 
one known to be female). Table 1 shows that 
birds were correctly sexed on a total of 21 
occasions and incorrectly on 13. The null 
hypothesis that 50% of all birds would be sexed 
correctly by chance cannot be rejected (G 1 = 
1.90, P> 0.05). Separating the sexes the result 
remains non significant for females (G 1 = 0.00, 
P0.05), but is significant for males (G 1 = 4.19, 
P = < 0.05). This significant result is 
attributable to correctly sexing young males 
(Table 1, G test not possible); the result was 
not significant for old males but the data are 
biased in the direction of correct sexing (G, = 
1.36, P> 0.05). 
Repeatability of sexing by blueness 
61 birds were caught and sexed according to 
blueness on two occasions, 52 were sexed 
twice by different observers and nine were 
sexed twice by the same observer. G tests were 
carried out to test the null hypothesis that 
different ringers, and the same ringer, re—
sexed birds at a level of repeatability no 
different to that expected by chance (Table 2). 
Different ringers agreed on the sex attributed 
to a bird 69.2% of the time, this Is a statistically 
significant level of repeatability compared to 
the 50% null hypothesis (G 1 = 7.89, P < 0.01). 
Individual ringers also had a high degree of 
repeatability (88.8%), (G 1 = 6.19, P < 0.05). 
Sexing birds using wing length 
Figure 1 shows the distributions of wing 
lengths found in the study population; the 
means (and standard deviations) for each age/ 
sex group are given in Table 3. There is a 
tendency for males and older birds to have a 
longer mean wing length than females and 
younger birds. However, an analysis of 
variance showed that neither age nor sex had a 
statistically significant effect upon wing length 
(1 d.f.,F= 1.435,P=0.236 and I d.f.,F=2.4, 
P = 0.127 respectively), with no age/sex 
interaction (52 d.f., F = 0.353, P = 0.555) 
(Table 3). 
Table 1. Comparison between the sex attributed to a bird based on the blueness of Its plumage and the actual 
sex of the bird. Two captures for which no decision based upon blueness could be reached are excluded. The 
results of G tests are given; in each case these compare the accuracy of sexing using blueness with that which 
would be expected were sex allocated to individuals randomly. 
Age Known sex Correctly sexed Incorrectly sexed G Sig. 








21 13 1.90 N.S. 
old male 8 4 1.36 N.S. 






5 0.00 N.S. 
* =P<0.05 
N.S. = P> 0.05 
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Table 2. A measure of the level of repeatability with 
which a ringer or a pair of ringers were able to 
attribute sex to birds on the basis of blueness. in each m 
case the rejected null hypothesis was that 50% of 
birds would be consistently sexed by random. 
Different ringers 	The same ringer 'a 
Agree 	Disagree Agrees 	Disagrees 
36 	 16 	8 	 1 
G = 7.89** G=6.19* E 
I V. 1 V. 
* 	=P<0.05 
** =P<0.01 
00 01 bd 04 04 00 00 07 00 0 
Wing length (=) 
Sexing birds by Discriminant Analysis 
The linear function best discriminating males 
from females was as follows: 
D = — 1616 + 71(a) + 26.8(b) + 17.9(c) + 
12.7(d) +-10.6(e) 
Where (D) = the discriminant score, (a) = head 
plus bill length, (b) = tarsus length, (c) = wing 
length, (d) = weight, and (e) = the amount of 
white feathering on the brow. (Biometrics are 
listed in the equation in order of their 
importance). Mean discriminant scores (+ 
Standard Errors) for males and females 
respectively were 1903.3+ 12.4 and 1864.0 + 
12.4 respectively. After "Jack—knifing" 72% of 
25 males and 68% of 28 females (69.8% of the 
total study population) were correctly 
classified. The inclusion of information about 
the age of the birds in the analysis did not 
improve classification. 
Discriminant Analysis involving only wing 
length (i.e. a situation analogous to the one 
used by ringers sexing birds on the basis of 
wing length) classified 57.1% of 56 cases 
correctly (after "Jack—knifing").  This 
represented correct classification of 48% of 27 
males and 66% of 29 females. The linear 
function best discriminating males and 
females was as follows: 
D = — 768.95 + 23.88 (wing length). 
Mean discriminant scores (+ Standard 
Errors) for males and females were 768.81 + 
8.08 and 755.32 + 6.77 respectively. 
DISCUSSION 
From the literature, ringers who sex Blue Tits 
caught in winter do so using a combination of 
'a 
00 01 aid 0i 04 00 00 0( 00 0 
Wing length (=) 
Figure 1. Frequency histograms of the distributions 
of wing lengths in the study population. Filled bars 
represent males and open bars females. (A) shows 
the distributions among young birds and (B) those 
among old birds. 
differences In wing length and brightness of 
blue feathering (Perrins 1979, Flegg and Cox 
1977). Differences In collar width have been 
cited (Svensson 1992) but do not appear to be 
useful (Sellars 1985). 
This study shows that a high level of within-
ringer repeatability can be achieved when 
attributing sex to birds on the basis of 
blueness, however repeatability Is reduced 
when more than one ringer is involved. This 
inter—Individual -error is a recognised 
phenomenon In biometric studies of birds, 
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Table 3. The Mean Wing Lengths (x wing) of birds in 
the four age/sex classes considered. Means are in 
millimetres and presented with standard deviations 
(S.D.). The analysis of variance investigates the 
effect of sex and age upon wing length. (S.Sq = Sum 
of squares, D.F. = degrees of freedom, M.Sq = Mean 
Square, F = F ratio, Sig = Statistical significance). 
Sex 	Age 	n 	k W1ng 	S 
male old 8 65.00 2.62 
young 19 64.14 	1.25 
female old 16 63.97 1.74 
young 13 63.66 	1.27 
Anaols of Variance 
Effects £Sq 	D. F. M.Sq F 	P 	SIg 
Age 3.89 1 3.89 1.435 0.236 N.S. 
Sex 6.50 	1 6.50 2.400 0.127 N.S. 
Age *Sex 0.96 1 0.96 0.353 0.555 N.S. 
Error 140.76 	52 2.73 
N.S. = P < 0.05 
emphasizing the need for a single observer to 
make all measurements whenever possible. 
Repeatability alone does not provide an 
assessment of the validity of the technique. It 
would be possible to "sex" birds consistently, 
but to do so incorrectly consistently. 
Comparison of the known sex of a bird and the 
sex attributed to it on the basis of blueness 
shows that predicting sex by blueness is of 
limited use in the case of this population. It 
seems likely that males are indeed a brighter 
blue than females but because the degree of 
overlap is so great only birds at the extremes of 
the population can be separated reliably. 
No significant sex differences In mean wing 
length were found in the study population. 
This was surprising given that wing length is 
widely reported to be an indicator of sex In this 
species (Flegg and Cox 1977, Burgess 1982, 
Svensson 1992). Comparison of the overlap 
between the sexes (Fig. 1) coupled with the 
results from the discriminant analysis which 
involved wing length as the sole predictor of 
sex, lead to the conclusion that wing length 
alone Is insufficient as a separator of the sexes 
for birds from this study population. 
Discriminant Analysis using five body 
measures (wing length, weight, tarsus length, 
head plus bill length, and the amount of white  
feathering on the brow) produced a 
linearfunction which separated males and 
females from the study population with 
approximately 70% accuracy. Of the 
techniques investigated in this paper 
Discriminant Analysis proved to be the most 
reliable. Due to the possibility of Inter—
population variation in size and dimorphism 
(for example Van Balen (1967) has shown that 
Great Tits P. major show a higher degree of 
sexual dimorphism in deciduous woodland 
than do populations Inhabiting coniferous 
woodland), the linear function must be re-
calculated for each population studied. It Is not 
simply a case of taking the equation presented 
above and applying it universally. Given 
appropriate software and suitable data the 
technique is easily applied and should prove to 
be useful in separating the sexes In species 
traditionally considered to be visually sexually 
monomorophic. 
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Abbreviations used in the ethogram of agonistic behaviours 
(definitions on pages 165 - 169) 
ND - No Display 
HD - Head Down 
CE - Crest Erect 
BH - Body Horizontal 
WF - Wing Flick 
TA - Tail 
AR - Arrive 
LE - Leave 
PE - Peck 
FE - Feed 
HU - Head Up 
NE - Nape Erect 
BE - Body Erect 
BO - Beak Open 
WO - Wings Out 
AD - Advance 
RE - Retreat 
SU - Supplant 
Fl - Fight 
WO(L) - Wings Out Low 
WO(M) - Wings Out Medium 
WO(H) - Wings Out High 
TA(U) - Tail Up 
TA(D) - Tail Down 
AD(H) - Advance Hop 
AD(F) - Advance Flight 
SU(H) - Supplant Hop 
SU(F) - Supplant Flight 
